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SUMMARY 
This thesis addresses to the imprint of surface water and deep water paleocirculation on 
pelagic carbonate sedimentology at the high latitude North Atlantic since the late Pliocene. 
Micropaleontological and sedimentological analyses were performed on both, sediment cores 
and surface samples from sites in the northern North Atlantic. The results allow implications 
for the paleoceanography and paleoclimate of this oceanic realm. Special attention was paid to 
the paleoecology of polar planktonic foraminifers and their preservational potential on the sea 
floor. 
A methodical preparatory study presents results from coarse fraction analysis carried out on 
the >150-um as well as on the 125-500-um fraction is presented. Census data are compared in 
order to test the compatibility between these two methods. There is a generally good 
comparability of the two methods but IRD (ice rafted debris) data show some differences in 
detail. A slight underestimation of small, subpolar planktonic foraminifers is evident in the 
census data of the >150um fraction. In general, however, also planktonic foraminifer census 
data are in good agreement between the two methods. 
A carbonate dissolution study on surface sediments reveals very good carbonate 
preservation along the inflow of warm Atlantic surface water and in the northernmost parts of 
the Norwegian-Greenland Sea. Higher dissolution can be found along Greenland and 
Norwegian continental margin and in the deepest parts of the Greenland Basin. Only in the 
deepest parts of the Norwegian-Greenland Sea carbonate dissolution is influenced by deep-
water mass properties. Supralysoklinal dissolution is most important for recent carbonate 
dissolution in the Norwegian Greenland Sea. 
Additionally, two sediment cores from the Norwegian Sea and from the Greenland 
continental margin were investigated. Enhanced dissolution is evident during the late 
Matuyama in the Norwegian Sea. This is probably related to low carbonate rain, due to a more 
eastwards located polar front and low shell production of the not yet polar adapted TV. 
pachyderma sin. Extreme dissolution events in the Norwegian Sea during the late Matuyama 
indicate another dissolution process that is reduced deepwater formation. During the Brunhes 
chron, dissolution records from both sites show some prominent peaks. Those can be related 
to meltwater pulses which inhibited deepwater formation during deglaciation events. 
Morphometric investigations on the planktonic foraminifer N. pachyderma sin. reveal a 
distinct trend to increased shell size of N. pachyderma sin. in the Norwegian Greenland Sea 
n 
during the last 1.3 Ma. This shell size increase is regarded to reflect the evolutionary trend of 
N. pachydermia sin. towards better adaptation to the cold water environment since 1.1-1.0 Ma. 
The evolutionary adaptation of this planktonic foraminifer was probably triggered by the Mid 
Pleistocene climate shift. Carbonate poor intervals in the Norwegian-Greenland Sea, before 1.1 
Ma can partly be explained by the absence of this not yet polar-adapted species. At high 
latitudes, reconstructions of surface water conditions based on planktonic foraminifer 
assemblages older than 1.1-1.0 Myrs, could be misleading. 
Sediment cores from the North Atlantic (Rockall Plateau) and the Norwegian Sea were 
compared to determine the variability of the south-north gradients in surface water conditions 
and heat flux since about 3.1 Ma. In the Norwegian Sea, severe cooling as indicated by 
strongly decreased carbonate contents occurred as early as 3.05 Ma. This carbonate poor 
period lasted until about 1.1 Ma. A first cooling step appeared in the North Atlantic later, at 2.8 
Ma. The Pliocene cooling culminated at 2.5 Ma and led to a glacially dominated period in the 
North Atlantic until 1.65 Ma. Heat export from the North Atlantic to the Norwegian Sea was 
restricted during this interval. Some phases of northward penetrations of Atlantic water into 
the Norwegian Sea appeared between 1.9 and 1.4 Ma. At the Rockall Plateau a considerable 
warming of the surface waters during interglacials is indicated after 1.65 Ma. However, 
carbonate production and thus, faunal response to heat import from the North Atlantic to the 
Norwegian Sea was weak. After about 1.1 Ma the gradient between the North Atlantic and the 
Norwegian Sea became less pronounced and a more meridional circulation system of the 
northern North Atlantic is inferred for the Brunhes chron. 
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1. Introduction 
1. INTRODUCTION 
1.1. THE NORTHERN NORTH ATLANTIC AS A MONITOR OF CLIMATE 
CHANGE 
One of the most ambitious challenges of modern society is to reach a scientifically based, 
quantitative forecast of global climate in the future. Only the understanding of the true nature 
of climate variability on all kinds of time scales will allow predictions on the future course of 
climate. Therefore, strong efforts are undertaken to understand the nature of past climate 
variations. Some of the questions and issues on past climate changes are: What factors were 
responsible for these changes? Did C02 and other trace gases vary with orbital forcing and 
was there a past analogy for the future greenhouse scenario? How and to what extent were 
ocean circulation changes and atmosphere-ocean coupling involved? 
Due to it's high sensitivity to climatic changes, the northern North Atlantic is an intriguing 
oceanic region for paleoclimatological approaches. This area is of central importance for the 
surface circulation system of the world ocean and for the renewal of deep ocean waters. 
Driven by the Gulf Stream system, warm and saline Atlantic surface waters are transported 
northwards, providing the heat source for today's favorable climate of eastern subarctic 
Europe. These water masses cool and sink after their northwards flow and renew the deep 
waters in the Labrador Sea and the Norwegian-Greenland Sea. A large proportion of the 
world's deep water is formed in these regions. However, this so-called global thermohaline 
circulation system was not stable in time and strongly affected global oceanography and 
sedimentation. 
Past oceanography was strongly connected to the global basin-continent architecture 
(Barron and Peterson, 1991). Tertiary climatic reorganizations were largely driven by Cenozoic 
plate tectonic movements which had a strong impact on global atmospheric and oceanic 
circulation (Raymo et al., 1988, Barron and Peterson, 1991). For example, the Oligocene 
opening of the Drake-Passage initiated the establishment of the Antarctic circumpolar current 
and the first meridional temperature gradients in the southern hemisphere. For comparison, in 
the northern hemisphere, the mid to late Neogene evolution of a deep gateway between the 
Arctic Ocean and the Atlantic (Eldholm et al., 1990) fundamentally changed the circulation 
system and climate. 
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An important tectonic event for ocean circulation occurred in the early Pliocene, the closure 
of the Isthmus of Panama (Keigwin, 1982). The following reorganization from a zonally 
dominated to a meridional circulation system brought warm, saline waters to higher latitudes. 
Tiedemann and Franz (1997) and Haug and Tiedemann (1997) proved an increase in the 
formation rate of North Atlantic Deep Water and its transport to low latitudes after 4.6 Ma. 
As a result of the redirection of Atlantic surface circulation, the additional supply of 
moisture provided an important prerequisite for snow and ice buildup at high latitudes 
(Ruddiman and Mclntyre, 1984, Rea et al., 1998) and promoted the successive cooling of the 
northern hemisphere. The role of the emergence of the Panama Isthmus as trigger Of the onset 
of the major northern hemisphere glaciation is still under discussion. Berger and Wefer (1996) 
propose that heat supply to the north rather delayed northern hemisphere glaciation. However, 
the general cooling trend prevailed against heat supply, favored by the progressive uplift of the 
Tibetian-Himalayan regions (Raymo et al., 1988, Ruddiman and Kutzbach, 1991) and low 
summer insolation (Berger and Wefer, 1996). 
Pliocene cooling culminated at about 2.6 Ma and led to a glacially dominated period and 
large continental ice-sheets accumulated. The following period was characterized by large-
amplitude periodic fluctuations of ice masses, influenced by astronomically defined variations 
of solar energy reaching our planet. Thus, Plio-Pleistocene climate was characterized by cyclic 
glacial-interglacial fluctuations, forced by the astronomical cycles of precession (19-23 kyr), tilt 
of the earth's axis (41 kyr), and eccentricity of the orbit (100 kyr) (Hays et al., 1976, Imbrie et 
al., 1992). 
A prominent change in orbital forcing, the Mid-Pleistocene Revolution (MPR) appeared at 
about 0.9 Ma. The MPR is marked by a shift from obliquity-dominated 41 kyr to eccentricity-
dominated 100 kyr climate fluctuations (Imbrie et al., 1993, Berger and Jansen, 1994) and is 
associated with an increase in amplitude of glacial-interglacial variations. There is a still 
ongoing debate about the reasons for this frequency change after 0.9 Ma and about the role of 
large ice sheets in amplifying the per se weak eccentricity signal (for discussion see Imbrie et 
al. (1993)). Recently, Clark and Pollard (1998) proposed that the MPR can be attributed to 
glacial bed-rock erosion and succeeding larger Laurentide ice-shields. A coupling mechanism 
between orbital forcing and a decrease of global atmospheric C02 caused by tectonic 
processes to be responsible for the MPR was proposed by Raymo (1997). Paillard (1998) 
successfully reproduces the transition to 100 kyr cycles with a multiple stable-state model 
which exclusively uses insolation force as target parameter. 
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The impact of this change to 100 kyrs glacial-interglacial cycles on Pleistocene climate was 
fundamental: A further enlargement of the boreal ice-shield during longer glacial periods, 
alternating with longer warm periods in comparison to pre-MPR climate was induced since 
then. 
Marine sediment cores from the high latitude North Atlantic accurately archive the 
characteristics of deep, intermediate and surface water masses, ocean circulation patterns, 
variations in sea-ice cover and the waxing and waning of the adjacent continental ice sheets. 
Especially pelagic carbonate sedimentation is significantly influenced by changes of surface 
and deep water mass properties. Today, carbonate shell production and sedimentation at high 
latitudes strongly depends on surface water characteristics. High surface water production can 
be found within the warm Atlantic water masses, while low production is typical within cold 
surface water currents. Projected to sediment cores this means that intrusions of warm 
Atlantic water masses are characterized by high sedimentary carbonate contents, whereas cold 
periods can be traced by carbonate poor core segments. This contrast in carbonate contents 
can be further increased by terrigenous dilution during cold phases and in particular during 
ice-sheet decay at the climatic transitions. Additional sedimentological signatures provides the 
waxing and waning of ice-shields, as melting ice-bergs and sea-ice release ice transported 
sediments to the sea floor. 
The use of these relatively simple methods brought numerous valuable insights for 
paleoceanographic reconstructions. For example, direct indicators for early Pliocene cooling 
are ice rafted debris grains (IRD) found in sediments of the northern North Atlantic (Henrich 
et al., 1989b, Wolf and Thiede, 1991). Strong cooling is also indicated by carbonate records of 
the Norwegian-Greenland Sea which show a prominent decrease of carbonate contents after 
3.1 Ma followed by a long period in broad regions of the Nordic Seas, when almost no 
carbonate sedimentation took place. South of the Iceland Faeroe Ridge, constantly high 
carbonate values of the mid Pliocene change to highly fluctuating carbonate contents, marking 
the intensification of the northern hemisphere glaciation at about 2.6 Ma. Contemporary, peak 
sedimentation of IRD was observed in the North Atlantic after approximately 2.6 Ma (Jansen 
et al., 1989, Henrich et al., 1989b). 
However, the sedimentary pelagic signal can be distorted by lateral sediment advection and 
terrigenous dilution. Most important are as well the disguising effects of carbonate dissolution. 
This process can decrease carbonate contents significantly and mirrors corrosive deep and 
bottom water properties (Henrich, 1989). This is especially important for regions (or sediment 
core segments) where low carbonate contents dominate. Here, it has to be decided whether 
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low carbonate production, strong carbonate dissolution or both are responsible for low 
sedimentary carbonate contents. The carbonate poor interval in the Norwegian-Greenland Sea 
which lasts from approximately 3.1 to 1 Ma in some sites provides a good example of this 
dilemma and each of the above described scenarios were discussed (Jansen et al., 1988, 
Henrich and Baumann, 1994). Similar interpretative problems exist for the carbonate poor, 
glacial periods of the pleistocene Norwegian-Greenland Sea. 
Therefore, strong efforts have to be made to elucidate the compound backgrounds of Plio-
Pleistocene pelagic carbonate sedimentation in high latitudes. This thesis aims to provide new 
insights into the complex relations between factors involved in high latitude carbonate 
sedimentation. Results from several ODP (Ocean Drilling Program) sites are presented in this 
thesis, in order to reconstruct the history of surface and bottom water masses of the northern 
North Atlantic and the Norwegian-Greenland Sea. 
1.2. PLANKTONIC FORAMINIFERS AT HIGH LATITUDES 
Planktonic foraminifers belong to the most commonly used microfossils in stratigraphic, 
paleoecologic and paleoceanographic investigations. Besides the fact that their calcareous 
shells have high fossilizing potential, their use is justified by some specific advantages: 1) The 
simplicity of methods needed for sample preparation and succeeding microscopic analysis. 2) 
Their highly diverse ecological speciations which allows to quantitatively determine their 
paleoenvironments. 3) The high quality of planktonic foraminifer stratigraphy. 
Many decades of intensive investigations on planktonic foraminifers brought up an 
enormous amount of information about their ecology, biogeography and taxonomy (e.g. 
D'Orbigny, 1826, Ehrenberg, 1873, Brady, 1884, Rhumbler, 1911, Schott, 1935, Be, 1960b, 
Parker 1967, Be and Tolderlund, 1971). Very sophisticated methods have been developed to 
decipher paleotemperatures based on species assemblages (e.g. Imbrie and Kipp, 1971, 
Molfino, 1992, Pflaumann, 1996), or to analyze the geochemical signature of their calcareous 
shells to reconstruct depth preferences, paleotemperatures or paleosalinity (e.g. Emiliani, 1954; 
Berger et al., 1978; Durazzi, 1981, Bauch et al. 1997). 
In high latitudes, the species-diversity of planktonic foraminifer assemblages coincidentally 
decreases with surface water temperatures. Surface water masses and oceanic front systems 
can therefore identified by specific species assemblages. For example, assemblages living in 
cold surface water masses of the East Greenland Current are characterized by high 
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percentages of polar planktonic foraminifers. In comparison, within the broad inflow of warm, 
Atlantic water masses, higher percentages of subpolar foraminifers can be observed (Fig. 1.1.). 
Pflaumann et al. (1996) demonstrated that the polar front can be traced by the transition 
from mixed species assemblages to planktonic foraminifer assemblages dominated by more 
than 98% of the species Neogloboquadrina pachyderma sin. Besides the spatial change in 
foraminifer assemblages, also a general decrease of total numbers of planktonic foraminifers 
can be observed. The resolution of assemblage based temperature calculations depends on 
species-diversity. Additionally, these calculations require a statistically satisfying number of 
individuals. Therefore, in very high latitudes this method is hampered by paucispecific 
assemblages and low total abundances of planktonic foraminifers (Pflaumann et al., 1996). 
75= 
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Fig.1.1: Abundances of some planktonic foraminifers in the North Atlantic and the Norwegian-
Greenland Sea, compiled from census data provided by Pflaumann et al. (1996): 
http://www.awi-bremerhaven.de) 
For the purpose of reconstructing past climates, the simple spatial pattern, as observed 
insurface sediments, still bears some advantages, since it allows the qualitative determination 
of cold and warm epochs: 
South of the Iceland-Faeroe Ridge cold, foraminiferal assemblages from glacial periods are 
characterized by high percentages of N. pachyderma sin., whereas this species is of minor 
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importance during warm periods. In the Norwegian-Greenland Sea, this species appears in 
high abundances during intrusions of warm Atlantic surface waters interglacials, while 
foraminiferal abundances strongly decrease during glacially dominated periods. 
The dominance of N. packyderma sin. in highest latitudes and glacial sediments explains 
the special importance of this species: in many cases it is the only available biogenic source for 
information about past oceanography and climate. It provides the basis for quantitative 
component analysis, continuos records of stable isotopes and carbonate dissolution indices. 
Furthermore, large portions of highest latitude sedimentary calcium carbonate is formed by 
this species, a proxy which is applied to most paleoceanographic studies. 
Today, N. packyderma sin. shows a bipolar geographical distribution and appears in the 
arctic as well as in the antarctic oceans. Its global distribution ranges from both polar areas 
down to approximately 30° south and north respectively (Boltovskoy et al., 1996). This 
planktonic foraminifer prefers temperatures below 7-8 °C (Be, 1960a, Reynolds and Thunell, 
1986) and has been reported even in extremely saline brine channels of the Antarctic sea-ice 
(Spindler and Dieckman, 1986, Dieckman et al., 1991). N. packyderma is known to be able to 
survive extreme salinities up to 82%o (Hemleben et al. 1989). The preferred water depth of this 
species lays within the upper 100 m (Reynolds and Thunell, 1986, Berberich, 1996, Kohfeld et 
al,. 1996). However, it was suspected for the northern Hemisphere that this species migrates to 
somewhat greater waterdepth south of 83°N (Bauch et al., 1997, Carstens and Wefer, 1997). 
Kohfeld et al. (1996) and Berberich (1996) found that the maximum abundance of this species 
lays immediately below the chlorophyll maximum zone. During its gametogenesis, N. 
packyderma sin. sinks to greater waterdepths. Accompanied by secondary shell encrustation it 
sinks below 200 m, where the release of gametes takes place (Be, 1960; Spindler and 
Dieckman, 1986; Berberich, 1996). 
Recent observations about the distribution and ecology of N. packyderma sin. are applied 
to fossil assemblages of the sedimentary record, often regardless its age. Paleoceanographic 
reconstructions based on this species have been extended as far as to the Miocene (Bandy et 
al., 1969). However, the appliance of modern faunal analogs to the fossil record requires the 
certainty for the constancy of the relevant species' habitat and ecology. Therefore, it is of 
enormous relevance to know if TV. packyderma sin. continuously occupied the same ecologic, 
polar niche. Several doubts about the role of N. packyderma sin. as cold water indicator have 
previously been published (e.g. Raymo et al. (1986), Jansen et al. (1988), Baumann and 
Meggers (1996)), but the proposals for the timing of its adaptation to the cold water habitat 
strongly vary. 
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Large portions of calcium carbonate deposited in highest latitudes are and were produced 
by this species (Pflaumann et al., 1996). Therefore it is essential for the understanding of Plio-
Pleistocene carbonate sedimentation processes to investigate the ecologic history of N. 
pachyderma sin. 
1.3. OBJECTIVES 
Sediment cores, drilled during ODP Leg 162, provided the opportunity for further 
improvement of the investigation of Plio-Pleistocene ocean history of the northern North 
Atlantic. These sediment cores enable a significantly improved spatial coverage for 
paleoceanographic reconstruction. Especially, Leg 162 sites 982 (Rockall Plateau) and 985 
(Norwegian Basin) are excellently suited to fill prior gaps in E-W as well as N-S transects, 
drilled during Legs 104, 105 and 151. 
These sites are strongly influenced by the Atlantic Current and moreover provided the 
opportunity to investigate the evolution of oceanic heat exchange between the North Atlantic 
and the Norwegian Sea across the Iceland-Faeroe Ridge. Another important aim was to clarify 
the causes of the long lasting, low carbonate sedimentation period in the Norwegian-
Greenland Sea between the late Pliocene glaciation and the MPR. 
Another intention of this thesis was to investigate if any changes in the ecologic preferences 
of N. pachyderma sin. happened during the Pleistocene. The objective was to clarify if the 
strong paleoceanographic changes during the Pleistocene did affect its ecological preferences 
and how far back into the geologic past it can be used as cold water indicator in 
paleotemperature calculations. 
Further, this thesis addresses to the Pleistocene history of bottom water properties of the 
Norwegian-Greenland Sea and their influence on carbonate preservation. Basic questions were 
hereby: How strong are recent carbonates affected by dissolution in the Norwegian-Greenland 
Sea? What factors favor or prevent carbonate preservation in the Norwegian-Greenland Sea 
today? Further, ODP Sites 987 (East Greenland Current) and 985 (Norwegian Current) as 
oceanographic endmembers were used to apply recent dissolution processes to sedimentary 
records. 
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1.4. OCEANOGRAPHIC SETTINGS 
1.4.1. Surface current systems 
The study area investigated in this thesis covers parts of the northern North Atlantic as well 
as large parts of the Norwegian-Greenland Sea. Originating from the Gulf Stream system, 
warm surface waters reach the higher northern latitudes and continue northward as the North 
Atlantic Current (NAC). Part of the NAC is transported further north and enters the 
Norwegian-Greenland Sea through the Iceland-Faeroe Ridge (Fig. 1.2.) (Johannessen, 1986, 
Reid, 1993). Another branch of the NAC turns westward south of Iceland into the Irminger 
Sea. This current passes northward via the Denmark strait and joins the East Greenland 
Current (EGC), which can be traced along the continental slope of the Greenland Sea 
(Johannessen, 1986). The southward flowing EGC passes the Greenland tip and becomes the 
West Greenland Current (WGC). The WGC cyclonically turns into the Labrador Current 
which then heads again eastwards and rejoins the NAC on it's northward flow (Reid, 1993). 
The first branch of the NAC reaches as north as the Fram Strait and from there flows into 
the Arctic Ocean. A westward branch diverges before entering the Arctic Ocean and returns 
south via the EGC. An eastwards flowing branch of the NAC enters the Barents and Kara 
Seas (Johannessen, 1986). 
Polar, cold and low saline water is transported southwards from the Arctic Ocean through 
the Fram Strait by the EGC (Fig. 1.2). A branch of the EGC flows eastward, north of Jan 
Mayen, as the Jan Mayen Current (JMC). Further south, another eastward branch along the 
continental slope of Iceland forms the East Iceland Current (EIC) (Swift and Aagaard, 1981, 
Swift, 1986). 
The current systems of the warm NAC and the cold EGC, dominating the oceanographic 
setting of the Norwegian-Greenland Sea, form two pronounced hydrographic systems: The 
cold Polar Domain, influenced by the EGC and the Atlantic Domain influenced by the warm 
NAC (Swift and Aagaard, 1981). The transition between these two domains is referred to as 
the Arctic Domain. 
The strong hydrographic contrast between the Polar and the Atlantic domains creates two 
prominent frontal systems. The Polar Front forms the eastern boundary of the polar surface 
waters and the Arctic Front the boundary between the Arctic and the Atlantic domain (Swift 
and Aagaard, 1981, Hopkins, 1991). 
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1.4.2. Intermediate and deep circulation 
The North Atlantic and the Norwegian-Greenland Sea are of special interest as they are 
key-locations for the global thermohaline circulation system. Within these areas the formation 
of North Atlantic Deep Water (NADW) takes place. The thermohaline circulation is 
responsible for the global redistribution of heat and salt and is known to be strongly involved 
in major changes in earth climate (Broecker and Denton, 1989). 
t!y> 
m-
Fig.l.2:Schematic summary of the principal current systems of the northern North Atlantic. Black 
arrows indicate deep/bottom water currents, gray arrows indicate surface currents. NAC: 
North Atlantic Current, EGC: East Greenland Current, WGC: West Greenland Current, EIC 
East Iceland Current, JMC: Jan Mayen Current. 
The NADW is originating from three principal sources: deep water convection in the 
Labrador Sea, recirculated Antarctic Bottom Water derivatives and deep-water formation in 
the Norwegian-Greenland Sea (Dickson and Brown, 1994). The deep-waters, formed in the 
Norwegian-Greenland Sea, have to overflow the Denmark Strait, the Iceland-Faeroe Channel 
and the Faeroe Bank Channel to join the NADW in the deep basins of the North Atlantic 
(Swift, 1984, Dickson and Brown, 1994). 
Deep and intermediate water formation in the Norwegian-Greenland Sea follows two 
principal processes. The first process is vertical exchange as a result of open-ocean convection 
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(Johannessen, 1986, Swift, 1986). The other source is horizontal exchange with deep waters 
formed in the Arctic Ocean through the Fram Strait (Aagard et al, 1985, Aagaard et al., 1991). 
Vertical exchange takes place within the gyres of the Norwegian and Greenland Sea (Swift, 
1986), where deep waters are renewed as a result of cooling and sinking of surface waters and 
consequently, deep reaching open-ocean convection. Horizontal exchange is fed by brine 
formation during wintry ice formation on the shelves. From there, dense waters, formed spill 
over the shelf edges and reach the deep adjacent basins of the Norwegian-Greenland Sea. 
(Aagard et al., 1985, Quadfasel et al. 1987). 
1.5. METHODS 
This thesis is based on the investigation of marine sediment cores, drilled during ODP Leg 
162 in the North Atlantic and the Norwegian-Greenland Sea. Additionally, existing data sets 
from ODP Legs 104 and 152 were used for stratigraphic control and further extended to reach 
a satisfying temporal resolution. The use and extension of data from previous workers requires 
a highly standardized methodology to ensure the comparability of results. Most of the 
methods used in this thesis are described in detail in chapters 2 to 5. Therefore, I will only give 
a short summary of the general standard sample preparation procedure used in this thesis. 
Furthermore, a special method, the quantitative determination of a carbonate dissolution 
index, will be presented here in detail. 
7.5.7. Standard sample handling scheme 
Figure 1.3. schematically summarizes standard sample preparation procedure used in this 
thesis, to assess geochemical, morphometric, dissolution and census data. The original sample 
is first divided in two parts. One previously freeze-dried part of the sediment is weighted and 
carefully washed on a 63um mesh. The remaining >63um fraction is further separated into 63-
125, 125-500, 500-1000, and >1000um fractions using a ATM-SONIC-Sifter. For quantitative 
coarse fraction analysis, the 125 - 500 um fraction was chosen. A split of 300 to 1000 grains 
was separated from this fraction with a microsplitter and counted for biogenic and terrigenous 
components. From the same fraction, approximately 40 individuals of the planktonic 
foraminifer Neogloboquadrina pachyderma sin. were randomly picked and mounted on a 
Scanning Electron Microscope (SEM) stub to determine the carbonate dissolution index and 
morphometric measurements with an ZEISS DSM 940A SEM. 
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Fig.: 1.3: Standard sample preparation scheme. 
A second part of the sample was used for calcium carbonate analysis with a LECO CS-125 
infrared analyzer. After the measurement of total carbon (TC) contents, the samples were 
decalcified with hydrochloric acid to determine total organic carbon (TOC) content. The 
equation: 
CaC03 % = (TC % - TOC %) * 8.33 
was then used to calculate the bulk carbonate content. 
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1.5.2. Carbonate dissolution estimates 
In this thesis carbonate dissolution intensity was estimates by using the SEM dissolution 
index as proposed by Henrich et al. (1989a), Baumann and Meggers (1996) and Meggers 
(1996). 
This method is based on the determination of 5 stages of ultrastructural breakdown of the 
calcareous shell of N. pachyderma sin. which are associated with 5 carbonate preservation 
stages (Fig. 1.4.). 
The tests of N. pachyderma sin. are found in two distinct ultrastructural morphotypes, the 
crystalline and the reticulate morphotype. Carbonate dissolution stages separately have been 
established for both morphotypes. The calibration between the two morphotypes has been 
carried out on individuals with crystalline ultrastructure on the oldest, but reticulate 
ultrastructure on the youngest chambers. 
h^H 
j | § | | 
till: % •••'. 
9 K 
. .• • .:.•:•' 
•:•}•:•; W ••:• 
.. . • 
•••v:V 
M 
- & *' 
... ^y% 
l l l l l l l l l 
'•'•'•:;'•* 
U | 
Fig. 1.4: SEM-dissolution indices on N. pachyderma sin. for both, the reticulate and crystalline 
Morphotype after Meggers (1996). Magnification: 3000x. 
A dissolution index [d] can be estimated for the individual foraminifer and an average sample 
dissolution index is calculated by the equation : 
DI=(IdR,K)/n(2) 
where d is separately defined for crystalline [K] and reticulate [R] tests as follows (Fig. 1.4.): 
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0R: shell is completely unaffected by carbonate dissolution and perfectly preserved; 
1R: first dissolution holes in pore pits and slightly rounded interpore ridges; 
2R: first distinct dissolution holes on ridges, pitted pore pits and significant flattened 
interpore ridges; 
3R: strongly corroded pore pits and almost completely dissolved and flattened interpore 
ridges; 
4R: heavily corroded, extremely pitted and partly peeled off reticulate layer and often 
fragmented tests; 
0K: shell is completely unaffected by carbonate dissolution and perfectly preserved; 
1K: slightly rounded edges of calcite skalenohedras and first dissolution holes on calcite 
crystals; 
2K: distinctly corroded crystal areas, rounded edges of calcite crystals and first loosening 
of the dense packed prism fabric; 
3K: distinct loosening of the dense packed prism fabric, heavily corroded and pitted calcite 
crystals; 
4K: Extremely coaoded skalenohedras, complete loss of original crystal habitus and very 
loose packing of crystals, often fragmented tests; 
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1.6. OVERVIEW OF SUBMITTED MANUSCRIPTS 
The main body of this thesis is formed by four manuscripts (Chapter 2 to 5) which are in 
press or submitted to peer-reviewed scientific journals. 
After a short methodical part treating principal questions of coarse fraction analysis for 
paleoceanographic studies, three manuscripts, dealing with some of the fundamentals of 
carbonate sedimentology, build the main part of this thesis. Those main themes are: (1) the 
effects of dissolution on carbonate sedimentation, (2) the influence of paleoecologic processes 
on carbonate sedimentation and (3) the control of past oceanography on carbonate 
sedimentation. The following gives a short overview of the thematic content of the 
manuscripts. 
CHAPTER 2: Data Report: Counting experiments on different size fractions: Examples 
from ODP Site 984 
R. Huber. K-H. Baumaniv J. Beyer, J. Briining and S. Hiineke 
in press, Proceedings of the Ocean Drilling Program, Scientific Results 
A comparison of two commonly used methods for coarse-fraction analysis is presented in 
this manuscript. Census data based on two different sieve fractions (125-500um and >150um) 
are presented. The compatibility of the two methods is tested using quantitative analysis of ice 
rafted debris, total abundance of planktonic foraminifers and percentage of 
Neogloboquadrina pachyderma sin. of total planktonic foraminifera of both sieve fractions. 
CHAPTER 3: Recent and Pleistocene carbonate dissolution in sediments of the 
Norwegian-Greenland Sea 
R. Huber. H. Meggers, K-H. Baumann and R. Henrich 
submitted to Marine Geology 
On a set of surface sediment samples from the Norwegian-Greenland Sea the spatial 
distribution of recent carbonate dissolution intensity on the sea-floor was investigated. A 
variety of regionally distinct mechanisms favoring or preventing subrecent carbonate 
dissolution is discussed in this manuscript. This study applies recent findings to the 
Pleistocene sedimentary record. Two ODP Sites 985 (Norwegian Sea) and 987 (Greenland 
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Margin) are investigated to outline the Pleistocene carbonate preservation and deepwater 
formation history. 
CHAPTER 4: Morphometric evolution of the planktonic foraminifer Neogloboquadrina 
pachyderma sin. (Ehrenberg) in the Norwegian-Greenland Sea during the last 1.3 Myrs -
implications for paleoceanographic reconstructions 
R. Huber. H. Meggers, K-H. Baumann, M.E. Raymo and R. Henrich 
submitted to Palaeogeography, Palaeoclimatology, Palaeoecology 
Measurements of the maximum diameter of the planktonic foraminifer N. pachyderma 
sin. from six sediment cores (ODP Sites 643, 644, 907, 909, 985 and 987) from the Norwegian 
Greenland Sea are presented in this manuscript. In all sites a distinct trend to increased shell 
size of TV. pachyderma sin. during the last 1.3 Ma was observed. This study shows that shell 
size increase of this species can be regarded as an evolutionary trend towards better adaptation 
to the cold water environment. Possible causes for evolutionary adaptation of TV. pachyderma 
sin. and the connections to paleoceanographic changes are discussed in this study. This 
manuscript additionally discusses the consequences arising from the knowledge of an 
evolutionary change of N. pachyderma sin. for paleoceanographic reconstructions. 
CHAPTER 5; Sea-surface gradients between the North Atlantic and the Norwegian Sea 
during the last 3.1 Ma: Comparison of Sites 982 and 985 
K-H Baumann and R. Huber 
in press, Proceedings of the Ocean Drilling Program, Scientific Results 
This manuscript presents results based on a multi-parameter approach applied to ODP 
Site 982 from the North Atlantic and Site 985 from the Norwegian Sea. These two Sites are 
compared in order to determine the variability and intensity of the south-north heat exchange 
since about 3.1 Ma. Special attention is addressed to the period between 2.8-1.1 Ma. This 
interval is characterized by extremely low carbonate sedimentation in the Norwegian-
Greenland Sea which is in strong contrast to highly fluctuating but continuous carbonate 
deposition in the North Atlantic during the same time. Sedimentological data as well as 
calcareous floral (coccoliths) and faunal (planktonic foraminifers) census data are used in this 
study to give new insights into the diverging carbonate sedimentation history of these two 
neighboring regions. 
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2.1. INTRODUCTION 
For many years a controversy exists about the "right" sieve fraction choice for coarse-
fraction analysis. A variety of applications of counting data led to a wide range of different 
choices of mesh sizes. After a series of tests with various mesh sizes Imbrie and Kipp (1971) 
decided that the >150-um fraction (the so called CLIMAP convention) is the most convenient. 
Smaller mesh sizes led to high uncertainties, especially in the difficult classification of small or 
juvenile individuals. Since then, the >150-um fraction was used also in modern techniques for 
paleotemperature reconstructions (e.g. the SIMMAX method by Pflaumann et al. (1996). A 
huge data base and the tempting possibilities for paleotemperature reconstructions provided 
by these works, led to a high acceptance of the > 150-um fraction in the scientific community. 
Parallel to the introduction of the CLIMAP convention, Sarnthein (1971) introduced a new 
method for quantitative component analysis of the coarse fraction. He used whole 0° mesh 
sizes (Wentworth, 1922) between 63 and 2000 urn and quantitatively investigated all fractions 
for the most important constituents. However, he also recognized an immense increase of 
misinterpretations of particles smaller then 125 urn. Based on his results, Henrich (1989) 
regarded the 125-500-um fraction as the most representative of the whole coarse fraction in 
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Norwegian Sea sediments. The decision to use whole §° mesh sizes may have been simply 
based on economical reasons, since standard sieves are available in most laboratories. Many 
scientists followed this proposal (e.g. Wolf and Thiede, 1991; Baumann, et al., 1996; Meggers 
and Baumann, 1997) and today a large data set exists which is based on the 125-500-um 
fraction. 
After the observation of Heinrich (1988) that massive iceberg discharges occurred with 
suborbital frequencies, a series of publications about these Heinrich ice-rafting events was 
released. Besides oxygen isotopes they used the planktonic foraniinifer assemblage and 
abundance of IRD as paleoceanographic indicators (e.g. Grousset, et al., 1993; Broecker, 1994; 
McManus, et al.; 1994; Bond and Lotti, 1995). In most of these studies the >150-um fraction 
was investigated but also the >125-um fraction was used sometimes (Fronval and Jansen, 
1996). 
At least since these studies a strong interest in data exchange between different working 
groups exists and thus, it is very important to estimate the compatibility of the methods. In 
this study we present results from coarse fraction analysis carried out on the >150-um as well 
as on the 125-500-um fraction in order to test the compatibility between these two methods. 
Counting data are compared from both fractions of IRD (ice rafted debris), total abundance of 
planktonic foraminifers and percentage of Neogloboquadrina pachyderma sin. of total 
planktonic foraminifera. 
2.2. MATERIAL AND METHODS 
Samples were taken from Site 984 which is located on the eastern flank of the Reykjanes 
Ridge (61°25.5'N, 24°04.9'W) at 1650 m water depth. Samples for bulk calcium carbonate 
measurements were taken every 50 cm. To determine calcium carbonate contents we used a 
LECO CS-125 infrared analyzer. This device only measures total carbon (TC) contents. To 
allow the determination of total organic carbon (TOC) content, the samples were treated with 
hydrochloric acid and the %CaC03 was calculated with the following equation: 
%CaC03 = (%TC - %TOC) x 8.33. 
For the studies of the coarse fraction the samples were freeze-dried using a FINN-AQUA 
(lyvotac GT2). A weighed part of the freeze-dried sample was washed on a 63-um sieve. The 
dried remaining coarse fraction was further separated into 63-125-um, 125-500-um and >500-
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urn fractions using a ATM-SONIC-Sifter. A whole split of at least 300 particles of the 125-500-
um fraction was determined. In a simplified counting procedure we concentrated on five 
major categories: ice rafted debris (mineral grains, rock fragments) individuals of N. 
pachyderma sin., other planktonic foraminifers, benthic foraminifers and other biogenic 
particles. After the counting procedure, all fractions >63-um were put together and sonic sifted 
again. Now we used a 63-um and a 150-um sieve. Average sieve loss was only 2.6%. The 
> 150-um fraction was again counted as described above. All particle counts were calculated to 
grains per gram dry sediment. 
2.3. RESULTS AND DISCUSSION 
A comparison of the weights of the two size fractions is shown in Figure 2.1. Generally, the 
contents of the two fractions are very similar to each other, although the percentages of the 
> 150-um fraction are slightly higher than those of the 125-500-um fraction. Deviations can 
especially be observed at 3 meters composite depth (mcd), from 22 mcd to 27 mcd, and at 50 
mcd. Here, the >150-um fraction contains up to 7 wt% more of the dry sediment than the 125-
500-um fraction, indicating an enrichment of particles larger than 500-um. However, most of 
the samples that were investigated show hardly any differences in weight percent between the 
two fractions. 
All counting results are plotted together with the bulk carbonate data, to give an impression 
about the range of glacial-interglacial variability we covered with our samples (Fig. 2.2). In the 
youngest section until 25 mcd the > 150-um fraction shows slightly higher IRD contents than 
the 125-500-um fraction which reflects the general higher weight percentages of the > 150-um 
fraction (Fig. 2.1) and consequently, more larger than 500-um IRD particles. Only a single data 
point at 9 mcd shows higher IRD content in the 125-500-um fraction. In the deeper section 
from 25 mcd to 60 mcd this pattern changes. Here, the 125-500-um fraction shows increased 
contents at 27, 42.5 and 53 mcd. Generally, the curve shapes of the two size fractions are very 
similar. The correlation between IRD counts of different size fractions is significant ( r-squared 
= 0.618) as shown in Figure 2.3. Despite some differences in amplitude an "in phase" 
relationship of the behavior of the IRD curves of the two fractions and thus a good 
compatibility is observed (Fig. 2.2). Some underestimation of the IRD content in the >150-um 
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fraction is present at 27, 42.5 and 53 mcd, where the 125-500 fraction indicates stronger IRD 
input than the >150-um fraction. 
The total abundance of planktonic foraminifers reveals some distinct dissimilarities between 
the two size fractions. At 1.5, 20, and 38 mcd the 125-500-um fraction contains distinctly more 
foraminifers than the >150-um fraction, dominated by nonpolar species. Additionally, in the 
125-500-um fraction lower abundances of the polar adapted species N. pachyderma sin. than 
in the >150-um fraction were observed at 14, 28, 36, and 39 mcd (Fig. 2.2). 
Difference (>150-£/m [wt%])-
>150-/jm(wt%) 125-500-A/m (wt%) (125-500-A/m [wt%]) 
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Fig. 2.1: Weight percentages of dry bulk sediment of the >150-um and 125-500-um and difference 
between weight percentages of >150-um and 125-500-um fractions at Site 984. 
Hence, an underestimation of nonpolar species in the >150-um fraction in comparison to the 
125-500-um fraction has to be taken in account which could reduce the compatibility of the 
two methods in detail. For samples from the eastern Labrador Sea Fillon and Duplessy (1980) 
and Kellogg (1984) showed that the abundance of subpolar species increases in smaller size 
fractions (fraction >62 urn). Biometric analyses on the subpolar planktonic foraminifer 
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Fig. 2.2: Comparison of coarse fraction data between the 125-500-um and the >150-|am fraction 
plotted against the CaC03 record at Site 984. 
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Turborotalita quinqueloba (Bauch, 1994) proved that the main abundances of this species 
occur in size classes <150-um. Paleotemperatures calculated from >150-um fraction 
foraminifer assemblages could therefore indicate colder surface water temperatures than SST 
estimates derived from the 125-500-um fraction. A similiar finding lead Niebler and Gersonde 
(in press) to introduce a transfer function based exclusively on a >125-um data set. 
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Fig. 2.3. Correlation coefficients between the 125-500-um fraction and the >150-um fraction. 
Because of strong taxonomic problems the use of 63 urn sieves was rejected by Kellogg 
(1984) and Meggers (1995). There is no comparative study between the 125-500-um and the 
>150-um fraction dealing with the amount of not determinable species. Kellogg (1984) 
estimates this amount between 0 and 3 %. An evaluation of available foraminifer counts 
(Meggers 1995 and own unpublished data) from the 125-500 um fraction resulted in similar 
percentages (0-3.5 %). Thus, for the simplified counting procedure which we applied, highly 
reproducible counting results with low error possibilities can be expected. 
In general the agreement between the two fractions with respect to foraminiferal 
assemblages is very good, however. The correlation (Fig. 2.3) between the abundances of total 
planktonic foraminifers counted from the 125-500-um fraction and the >150-um fraction is 
significant (r-squared = 0.649). Additionally, rapid climatic shifts are synchronously 
monitored by strongly decreasing percentages of N. pachyderma sin. at 2, 20, 46 and 50 mcd 
(Fig. 2.2) and demonstrate the high comparability of the two fractions. Furthermore, the high 
correlation coefficient (r-squared = 0.865) of N. pachyderma sin. percentages between the two 
fractions proves a general good compatibility of the two methods for paleotemperature 
estimations. 
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3.1. ABSTRACT 
Surface sediment samples from the Norwegian-Greenland Sea were investigated to 
reconstruct the spatial distribution of recent carbonate dissolution on the sea-floor. 
Additionally, carbonate dissolution records of Ocean Drilling Program (ODP) sites 985 and 
987 are presented to outline the development of Pleistocene carbonate preservation. 
Today, well preserved carbonate tests can be observed along the inflow of warm Atlantic 
surface water, extending as far as into the northernmost Norwegian-Greenland Sea. Increased 
dissolution is indicated along the continental margins and in the deepest parts of the 
Greenland Basin. Factors favoring carbonate preservation were found to be supersaturation of 
the water column with respect to calcium carbonate, high carbonate rain and probably excess 
alkalinity of bottom waters supplied by arctic river discharge. Supralysoklinal dissolution is 
most important for recent carbonate dissolution in the Norwegian-Greenland Sea, whereas the 
deepest parts of the Greenland Basin reaches the calcite saturation horizon. 
Pleistocene dissolution records show some prominent peaks of extreme carbonate 
dissolution. During the Brunhes chron, carbonate dissolution maxima can be related to 
meltwater pulses, which probably inhibited deep-water formation in the Norwegian-Greenland 
Sea during deglaciation events. Long-term severe carbonate dissolution is evident during the 
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late Matuyama chron. This can be probably related to low carbonate rain, due to a more 
eastwards located East Greenland Current and the nearly absence of the not yet polar adapted 
N. pachyderma sin. during that period. Extreme dissolution events during the late Matuyama 
indicate strongly reduced deep-water formation. 
3.2. INTRODUCTION 
Recent carbonate sedimentation in the Norwegian-Greenland Sea is closely related to the 
regional surface current systems and their influences on carbonate shell flux (Honjo, 1990, 
von Bodungen et al., 1995). In general, two carbonate shell production regimes can be clearly 
distinguished which are strongly related to surface waters: Carbonate rich surface sediments in 
the eastern part of the Norwegian-Greenland Sea reflect the inflow of warm Atlantic water by 
the Norwegian Current (NC) (Figs 3.1 and 3.2). 
5CP 40P 30P 2CP 10P OP 1CP 2CP 3CP 
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Fig. 3.1: Present major surface water current systems (NAC=North Atlantic Current ; NC=Norwegian 
Current; ESC=East Spitsbergen Current; WSC=West Spitsbergen Current; RAC=Return 
Atlantic Current; EGC=East Greenland Current; JMC=Jan Mayen Current; EIC=East Iceland 
Current) of the Norwegian-Greenland Sea as well as locations of Transient Tracers in the 
Ocean (TTO) stations (Anon, 1986) (circles) and investigated Ocean Drilling Program 
(ODP) sites (rectangles). 
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In contrast, extremely carbonate poor regions in the west are governed by the cold surface 
water masses of the East Greenland Current (EGC) (Henrich, 1998, Hebbeln et al., 1998). 
Even small scale surface current systems are traced by the distribution of carbonate contents 
in surface sediments. The cyclonic gyre of the East Iceland Current (EIC) is impressively 
projected by a westwards branch of high carbonate contents and low carbonate contents along 
the northern margin of Iceland. Well portrayed are also the gyre of the Jan Mayen Current and 
the retroflection of Atlantic waters by the Return Atlantic Current (RAC). Both are mapped by 
a SE-NW branch of high carbonate contents and a lobe of low carbonate contents at their 
western part (Figs 3.1 and 3.2). 
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Fig. 3.2: Spatial distribution of carbonate contents of surface sediments in the Norwegian-Greenland 
Sea. Black points indicate the locations of the surface samples. Calcium carbonate 
measurements were compiled from the data set of the PANGAEA database 
(http://www.awi-bremerhaven.de) and from data published by Kellogg (1975), Paetsch 
(1991), Henrich (1992), Baumann et al. (1993) and Hebbeln and Berner (1993). 
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Besides different carbonate production-rates of the surface current systems, dilution by 
terrigenous material also has to be considered to sufficiently interpret the recent carbonate 
distribution patterns. Especially towards the continental margins and in the northernmost parts 
of the Norwegian-Greenland Sea, low carbonate contents are likely to reflect dilution by 
gravitative downslope transport of fine material or sediment supply by icebergs or sea ice 
(Baumann et al. 1993, Johannessen et al, 1994, Hebbeln et al, 1998). 
These mechanisms, which control carbonate sedimentation, are applied to 
paleoceanographic investigations in high latitudes. In the Norwegian-Greenland Sea, high 
carbonate contents are generally interpreted to reflect the influence of warm Atlantic water 
masses, while low carbonate contents are connected with cold surface waters and increasing 
dilution by terrigenous material (Kellogg, 1980, Henrich, 1989, Henrich and Baumann, 1994). 
In addition to sediment buildup mechanisms the destructive influence of carbonate 
dissolution, due to corrosive bottom waters or elevated organic carbon input due to increased 
productivity, also has to be taken into account. Dissolution may strongly contribute to lowered 
sedimentary carbonate contents (Hald and Steinsund, 1996). However, the influence of 
carbonate dissolution is difficult to evaluate in carbonate records from sediment cores due to 
the complexity of interacting mechanisms. Carbonate dissolution is influenced by physical 
and chemical factors such as temperature, salinity, hydrostatic pressure, and the rate of calcite 
saturation of sea water (Takahashi, 1975, Broecker and Takahashi, 1978). These physical and 
chemical features are assumed to have repeatedly and significantly changed in the Norwegian-
Greenland Sea during the last few 100 kyrs, mostly associated to alternative modes of 
thermohaline deep-water formation processes (Sarnthein et al., 1994, Henrich et al., 1995, 
Sarnthein and Altenbach, 1995). Additionally, rates of organic carbon and carbonate 
production can affect carbonate preservation: An increase in carbonate rain to the sea floor 
will promote carbonate preservation, while higher sedimentation of organic matter and the 
release of C02 due to organic carbon oxidation will lead to enhanced carbonate dissolution 
(Berger et al., 1982, Emerson and Archer, 1990, Archer, 1991). 
In this paper we present carbonate dissolution data of surface sediment samples as well as 
of sediment cores, based on ultrastructural investigations on the tests of the planktonic 
foraminifer Neogloboquadrina pachyderma sin. The main objectives of this study are: (1) to 
determine the spatial distribution of carbonate dissolution in the Norwegian-Greenland Sea. 
(2) to recognize mechanisms which cause carbonate dissolution in surface sediments (3) to 
apply these results to Pleistocene carbonate records. 
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3.3. MATERIAL AND METHODS 
On a set of surface sediment samples (Tab. 3.1), the degree of carbonate preservation in the 
Norwegian-Greenland Sea was investigated. Additionally, we chose two Ocean Drilling 
Program (ODP) sites (both drilled during leg 162) as representatives of the relatively warm 
Norwegian Current (Site 985) and the cold East Greenland Current (Site 987) (Fig. 3.1, Tab. 
3.1) to study the Pleistocene carbonate preservation history of areas affected by these current 
systems. 
Table 3.1. Location of investigated ODP sites and surface sediment samples. 
Station Latitude Longitude Water 
depth 
(m) 
Dissolu 
tion 
index 
ODP sites 
985 
987 
66°55.8'N 
70°28.8'N 
06°27.0'W 
17°55.8'W 
2787 
1670 
Surface sediment samples 
23359 
23071 
23488 
23069 
23482 
23240 
23241 
23063 
21842 
23061 
23352 
21864 
23351 
23228 
65°31.8'N 
67°05.4'N 
67°39.6'N 
67°40.2'N 
67°54.0'N 
68°09.6'N 
68°18.0'N 
68°45.0'N 
69°27.6'N 
69°30.0'N 
70°00.6'N 
70°19.2'N 
70°21.6'N 
70°30.0'N 
04°09.0'W 
02°54.6'E 
11°04.8'W 
01°36.0'E 
18°46.2'W 
09°35.4'E 
03°38.4'W 
00°00.6'E 
16°31.2'W 
02°1.08'W 
12°25.8'W 
08°39.0'W 
18°11.4'E 
12°49.8'E 
3586 
1306 
1774 
1894 
838 
1851 
3600 
2302 
983 
3534 
1822 
458 
1679 
2636 
0.83 
1.06 
1.1 
0.77 
1.96 
2.03 
1.17 
1.14 
2.05 
1.6 
1.81 
1.13 
2.28 
1.59 
Station 
23264 
1708 
23267 
1707 
21880 
1737 
21914 
1698 
1736 
21912 
21898 
17729 
21908 
21906 
23455 
21902 
15054 
2200 
Latitude 
71°12.0'N 
71°48.6'N 
72°00.6'N 
72°37.2'N 
73°33.0'N 
73°44.4'N 
73°58.2'N 
74°10.8'N 
74°19.8'N 
74°34.8'N 
74°59.4'N 
75°00.O'N 
76°24.0'N 
76°50.4'N 
76°52.2'N 
77°25.8'N 
77°43.8'N 
85°19.8'N 
Longitude 
15°49.8'E 
12°34.2'W 
04°59.4'E 
13°50.4'W 
09°04.8'W 
14°52.8'W 
07°39.6'W 
14°34.2'W 
05°10.8'W 
02°54.6'E 
04°58.2'W 
00°00.0'E 
01°04.2'W 
02°09.0'W 
08°24.6'E 
05°46.2'W 
01°01.8'E 
14°00.0'W 
Water 
depth 
(m) 
1676 
1298 
2974 
2188 
333 
1881 
1783 
877 
3617 
3727 
3595 
3770 
2497 
2990 
2362 
422 
3129 
1074 
Dissolu 
tion 
index 
1.98 
2.13 
0.89 
1.9 
0.85 
2.08 
1.4 
2 
1.63 
2.15 
2.07 
2.18 
1.98 
1.05 
0.88 
0.92 
1.46 
1.35 
A weighed part of the freeze-dried sediment sample (using a FINN-AQUA lyvotac GT2) 
was washed on a 63 um sieve. The 125-500 um fraction was separated, using a ATM-SONIC-
Sifter, and was split down to approximately 500 particles with a micro splitter. Particle counts 
were carried out and the particles were calculated to grains per gram of sediment. In addition, 
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approximately 40 adult specimens of N. pachyderma sin. were randomly picked, regardless 
their size or morphology, and mounted on a stub. Following a methodology described in 
detail by Henrich et al. (1989) and Baumann and Meggers (1996), a dissolution index was 
estimated under a magnification of 3000 x with a SEM (Scanning Electron Microscope). The 
SEM approach allows to associate numerical values to predefined dissolution levels, 
characterized by 5 stages of ultrastructural breakdown of the shells of N. pachyderma sin. The 
corresponding numerical values for carbonate dissolution range from 0 (no dissolution) to 4 
(extreme dissolution). 
A cartographic compilation of surface sediment carbonate contents was performed using 
numerous data provided by the PANGAEA database of the Alfred Wegener Institute 
Bremerhaven (http://www.awi-bremerhaven.de). Additional carbonate contents were taken 
from Baumann et al. (1993), Kellogg (1975), Hebbeln and Berner (1993), Henrich, (1992) and 
Paetsch (1991). Carbonate contents of ODP site 985 were previously published by Baumann 
and Huber (in press). 
Total carbon contents (TC) of ODP site 987 were measured with a LECO CS-125 infrared 
analyzer. Organic carbon contents (TOC) were obtained from analyzing decalcified samples. 
Bulk carbonate content was then calculated in weight percentage of the bulk sediment with the 
following equation: 
CaC03 [wt.-%] = (TC [wt.-%] - TOC [wt.-%]) x 8.33 
To estimate the degree of calcite saturation of the water masses of the Norwegian-
Greenland Sea we used a N-S transect (Fig. 3.1) from the large data set of the Transient 
Tracers in the Ocean (TTO) cruises (Anon, 1986). The solubility product for calcite (Ksp) was 
calculated and the saturation states are given in terms of the solubility ratio (Q) which is 
defined as 
Q = [C032-] * [Ca2+] / Ksp. 
Values of Q < 1 represent conditions of undersaturation, and values of Q. > 1 represent 
conditions of oversaturation with respect to calcite. The carbonate concentration, [C032"] was 
calculated from TC02, pH, and the values of Kl and K2 (Roy et al., 1993) for carbonic acid. 
The calcium concentration [Ca2+] used is from Riley and Tongudai (1967), assumed to be 
proportional to the salinity. The values of Ksp for calcite was taken from Mucci (1983). The 
pressure correction for Ksp for calcite is from Ingle (1975). 
34 3. Recent and Pleistocene carbonate preservation in sediments of the Norwegian-Greenland Sea 
3.4. RESULTS 
Investigations of surface sediments of the Norwegian-Greenland Sea showed that recent 
carbonate preservation display a wide range of preservation stages. End-members are 
represented by excellent preserved (dissolution index (DI)=0.8)) to moderate dissolved (DI= 
2.2) foraminifer tests. Severe carbonate dissolution could not be detected (Fig. 3.3). 
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Fig. 3.3: Carbonate dissolution indices of investigated surface sediment samples. Dotted lines 
indicate areas of similar carbonate preservation genesis (a) Atlantic Water, (cO 
Greenland continental margin (c{) Norwegian continental margin and (g) Greenland 
Basin. 
Generally good carbonate preservation with only minor dissolution can be observed in the 
deepest parts of the Norwegian basin (DI=1.1-1.6). Excellent carbonate preservation is found 
under the axis of the Norwegian Current, reaching from the Norwegian Basin up to the 
southeastern Fram Strait (DI=0.8-1.1). 
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Fig. 3.4: Records of carbonate dissolution, bulk calcium carbonate and ice rafted debris record at 
Site 985 (Norwegian Sea) as well as at Site 987 (Greenland Margin). 
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In contrast, much worse preservation (DI=1.6-2.2) is recognized along the continental 
margins off Norway and Greenland. 
In Site 985, strong to extreme carbonate dissolution (DI= 2.7 - 4) can be observed at 0.1 
Ma, 0.4 Ma and 0.6 Ma (Fig.3.4). Peaks of severe carbonate dissolution can be observed also 
at 0.85 Ma, 1 Ma and between 1.1 and 1.2 Ma (DI=4). Generally, prior to 0.8 Ma, carbonate 
preservation is worse than in the youngest section. An increase of dissolution intensity can be 
observed from 0.8 Ma to 1.2 Ma. In the section prior to 0.8 Ma dissolution generally exceed 2. 
The record of ice rafted debris is strongly varying and shows contents between 0 and 32000 
grains per gram sediment. Three prominent peaks appear at 0.1, 0.4 and 0.6 Ma with IRD 
contents higher than 30000 grains/g. Prior to 0.6 Ma IRD contents decrease and vary between 
0 and 16000 grains/g. 
In Site 987, dissolution indices below 2 could not be detected in the entire investigated 
section of Site 987 (Fig. 3.4). Prominent peaks of very high dissolution intensities can be 
observed at 0.25, 0.45 and 0.6 Ma (DI=3.4-4). Carbonate contents of Site 987 are generally 
very low, fluctuating between 0 and 12 wt.%. The contents of ice rafted material is also very 
low over the entire section, fluctuating between 90 and 6300 grains per gram sediment. 
3.5. DISCUSSION 
3.5.1. Recent patterns of carbonate preservation in the Norwegian-Greenland Sea 
An intriguing similarity between carbonate preservation (Fig. 3.3) and the carbonate 
sedimentation pattern (Fig. 3.2) is evident in the southern part of the Norwegian-Greenland 
Sea. Good carbonate preservation is obvious along the inflow of Atlantic water, traced by high 
carbonate contents of surface-sediments. Enhanced dissolution is recorded along the 
continental margins off Norway and Greenland, accompanied by generally low carbonate 
contents of the surface sediments (Fig. 3.3). 
In the northern part of the Norwegian-Greenland Sea, the relation between carbonate 
content and preservation is less obvious. Here, higher carbonate dissolution can exclusively 
observed in the central part of the Greenland basin (Fig. 3.3). 
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These regional differences in carbonate preservation, led us to divide three regions which 
we will term hereinafter as: Atlantic, Greenland continental margin, Norwegian continental 
margin and Greenland Basin sector (Fig. 3.3). 
The observed pattern in carbonate preservation cannot be explained solely by water mass 
characteristics. A South-North transect of TTO water profiles (Fig. 3.5) clearly shows that 
supersaturation with respect to calcium carbonate is observed down to water depths of 
approximately 3800 m at all parts of the Norwegian-Greenland Sea. All sediment samples 
investigated in this study are positioned above the calcium saturation horizon (Tab. 3.1). 
Therefore, other factors favoring supralysoclinal calcite dissolution, which act to change the 
pore water chemistry in surface sediments or at the water sediment interface, have to be 
considered (Emerson and Bender, 1981). 
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Fig. 3.5: Calcite saturation of sea water samples versus water-depth derived from the data set of the 
Transient Tracers in the Ocean (TTO) cruises (Anon, 1986). The dotted lines indicate the 
level of calcite saturation. 
Several studies have proven that the molar ratio between carbonate and organic carbon 
(rain ratio) is of enormous importance for carbonate dissolution in the sediment water 
interface (e.g. Emerson and Bender, 1981, Emerson and Archer, 1990, Archer, 1991, Jahnke et 
al., 1997). An increase in carbonate rain to the sea-floor favors carbonate preservation, 
whereas enhanced carbonate dissolution can be driven by high input of organic matter and 
release of C02by bacterial degradation (Emerson and Bender, 1981, Archer, 1991). 
Therefore, especially in the carbonate-poor sections, only small increases in organic rain-
rate can decrease the bottom water pH as the pore waters of these sediments are 
undersaturated with respect to calcite (Emerson and Bender, 1981). This can lead to an 
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enhanced carbonate dissolution which, in combination with sedimentation in greater water 
depth, can be further intensified by increasing pressure. 
3.5.1.1. Influence of basin topography, surface and bottom water masses on carbonate 
dissolution 
A distinct depth dependence of carbonate preservation is obvious is characteristic for the 
Greenland Basin sector (Fig. 3.6). The deepest and less preserved samples investigated in this 
sector are from a water-depth of about 3700m, which means that they were deposited close to 
the calcite saturation horizon (Fig. 3.5, Tab. 3.1). Furthermore, due to the influence of the cold 
EGC, surface water production of carbonate shells is restricted (Honjo, 1990, von Bodungen 
et al., 1995). This leads to low carbonate accumulation at the sea-floor and to undersaturation 
of pore waters with respect to calcium carbonate. In this situation, even limited bacterial 
degradation of organic matter can change the pH of bottom waters substantially and lead to an 
enhanced calcite dissolution at greater water depths. 
The northernmost investigated samples from the Greenland basin sector show surprisingly 
good preservation (Fig. 3.3). Because of the influence of Atlantic waters, carried by the West 
Spitsbergen Current and retroflected water masses by the RAC, some carbonate shell 
production is possible in these extreme positions and may contribute to better preservation. 
However, these waters are strongly cooled and sediment traps, located in the Fram Strait, 
proved only low carbonate sedimentation and high rain-ratio (Honjo, 1990). Due to the 
interactions between low carbonate shell accumulation, high rain-ratio and sea-ice related 
processes as described above, rather high dissolution could be expected. 
Hydrographic investigations of the Arctic Ocean revealed excess alkalinity and high 
carbonate saturation down to the deepest parts of the basins (Anderson and Dryssen, 1981, 
Anderson et al., 1989). Several authors showed that the excess alkalinity in the Arctic Ocean 
originates from high alkalinity river discharge (Tan et al., 1983, Anderson et al., 1989, 
Anderson et al., 1994). Probably, good carbonate preservation in the Arctic Ocean as also 
reported by Bergsten (1994) and Stein et al. (1994) can be explained by enhanced alkalinity of 
deep waters. 
Good preservation of foraminifer tests in the Atlantic sector most probably can be 
attributed to the regional high surface water carbonate production (Honjo, 1990, von 
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Bodungen et al., 1995) and accumulation at the sea-floor (Hebbeln et al. 1998, Henrich, 1998), 
due to the warm influx of Atlantic surface water masses. Hence, pore waters of these 
carbonate-rich sediments are surely supersaturated with respect to calcium, leading to 
generally excellent preservation at these sites 
3.5.1.2. Carbonate preservation at continental margins 
In comparison to the Atlantic sector, sediments of both, the eastern and western continental 
margin, generally show worse preserved foraminifer tests, associated by lower carbonate 
contents of surface sediments (Fig. 3.6). 
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Fig. 3.6: Carbonate dissolution indices of investigated surface sediment samples plotted against 
carbonate contents of surface sediments. Clusters of samples originating from the (a) 
Atlantic Water, (c) Greenland and Norwegian Continental margin and (g) Greenland Basin 
sectors are marked by ellipsoids. 
However, despite very similar calcite preservation patterns, for both, the Greenland 
continental margin and the Norwegian continental margin, regionally very different 
sedimentary processes can be identified: 
At continental margins, high fertility leads to a strong supply of organic matter and, hence, 
strong carbonate dissolution (Berger, 1971). Besides fertilization by the continent, organic 
matter is more abundant in shallow shelf regions than in the deep basins because of successive 
bacterial degradation during the travel through the water column (Romankevich, 1984). 
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Shallow sediment traps from the central Norwegian Sea therefore show very high rain-ratios 
(von Bodungen et al., 1995). In addition, surface sediments at the Norwegian continental 
margin are strongly diluted by terrigenous material (Hebbeln et al., 1998). The combination of 
a low buffering potential of carbonate-poor surface-sediments and high respirative release of 
C02 is therefore most probable leading to the observed rather poor carbonate preservation. 
Comparable carbonate preservation patterns as observed at the Norwegian continental 
margin can be noticed at the Greenland continental margin (Fig. 3.3). Here, generally low 
surface water production of carbonate shells and, in turn, low carbonate rain to the sea-floor is 
due to the influence of the cold and almost perennial ice-covered EGC. Rain-ratios derived 
from sediment trap studies are therefore much higher at sites influenced by the cold EGC than 
at sites affected by warm Atlantic surface waters (Honjo, 1990, von Bodungen et al., 1995). 
High rain-ratio at the sea-floor results in enhanced input of C02 by bacterial degradation of 
organic matter which cannot be compensated by calcium undersaturated sediment pore water. 
This can favor dissolution of calcite at the Greenland continental margin. Additionally, it has 
to be considered that the Greenland continental margin is seasonally strongly influenced by 
sea-ice which has important impact on the preservation of calcite at the sea-floor. Primary 
production in the Arctic marginal ice zones is characterized by seasonal phytoplankton 
blooms, which, compared to pelagic regions, can be 10 to 15 times higher during spring and 
summer (Smith and Sakshaug, 1990). Ice-edge blooms therefore provide immense amounts of 
organic material which contributes up to 40 to 50% of the total annual shelf and near-shelf 
production of organic carbon (Smith and Sakshaug, 1990). Since there is a substantial time lag 
between the occurring phytoplankton blooms and the following appearance of grazing 
zooplankton, large portions of organic material can sink unutilized to the sea-floor (Honjo, 
1990, Smith and Sakshaug, 1990). Hence, ice edge blooms can strongly contribute to the 
mechanisms of bacterial degradation and the resulting calcite dissolution at the sea-floor as 
described above. 
This excess release of C02 at the ice edge has been proposed to be responsible for 
carbonate dissolution in the Barents Sea (Steinsund and Hald, 1994, Hald and Steinsund, 
1996). The authors additionally propose a recirculation of C02 which was trapped below the 
wintry ice cover. A downward transport of C02 by dense saline brines produced by sea-ice 
formation was assumed, which can further increase the corrosiveness of bottom waters and 
hence intensify carbonate dissolution. 
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A mechanism how these organic rich shelf deposits can be transported to the adjacent 
slopes and deeper basin margins was proposed (Honjo, 1990). During winter, dense and 
highly saline waters are formed by severe cooling of surface waters in coastal polynias or by 
brine formation due to the development of sea-ice. After sinking, these dense waters are 
supposed to flow as a gravity current along the continental slopes and cause a downslope 
transport of shelf sediments containing high amounts of organic matter. These organic carbon 
enriched sediments further promote dissolution. Such mechanisms can serve as an 
explanation for the higher dissolution indices in both, shallow near shelf deposits as well at 
greater water depths and can be responsible for higher carbonate dissolution observed at the 
Barents shelf. 
In summary, carbonate dissolution in the Norwegian-Greenland Sea can be produced by a 
variety of influences. In order to quantitatively determine the effect of the above discussed 
suite of dissolution mechanisms, further investigations should be carried out. Among these, 
microelectrode studies (Emerson and Archer, 1990, Jahnke et al., 1997) and numerical models 
(Archer, 1991) would allow further insights into the complicated mechanisms leading to 
carbonate dissolution in the Norwegian-Greenland Sea. 
3.5.2. Pleistocene Carbonate preservation records 
The most obvious feature of past carbonate dissolution (Fig. 3.4) are some distinct peaks of 
extreme carbonate dissolution. As described above, the highest dissolution index in the 
Norwegian-Greenland Sea as observed in surface sediments is 2.2. In contrast, in both 
sediment records of the investigated ODP drill sites, dissolution indices reach values of 4, 
which means extreme dissolution and substantial destruction of sedimentary carbonate, which 
can not be observed in recent surface samples (Fig. 3.3). 
Site 987, located at the Greenland margin, is generally stronger affected by dissolution than 
site 985. This is in good agreement with the observed bad carbonate preservation at the 
Greenland continental margin. Interestingly, also here some prominent dissolution peaks 
appear synchronous with that observed at Site 985. Especially the observed high dissolution 
intensities at 0.6 and 0.4 Ma are obviously coincident with Site 987. 
Spikes of strongly decreased carbonate preservation in the Norwegian-Greenland Sea 
during the Pleistocene have previously been reported by various authors, and it is known that 
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wide areas of this oceanic realm were affected by strong carbonate dissolution (Jansen et al., 
1988, Henrich et al.,1989, Baumann et al., 1996, Henrich and Baumann,1994, Henrich, 1998). 
Two explanations for extreme carbonate dissolution can be considered: The chemistry of 
deep waters has changed significantly, which implies for the Norwegian-Greenland Sea a 
different mode or reduction of deep-water formation. Alternatively, one or more of the factors 
which have been found to be responsible for recent, supralysoclinal carbonate dissolution in 
the Norwegian-Greenland Sea yielded stronger importance. 
3.5.2.1. Carbonate preservation during the Brunhes chron 
Today, the Norwegian-Greenland Sea is one of the main sources for North Atlantic Deep 
Water (NADW) formation. The advection of surface waters by the global conveyor belt, their 
cooling and subsequent sinking in the cyclonic gyres of the Norwegian-Greenland Sea realizes 
a permanent renewal of deep waters (e.g. Aagard et al., 1985, Swift, 1986, Aagard and 
Carmack, 1994). The shut-down of this process would prevent the formation and transport of 
oxygen-rich, nutrient-depleted water masses in the Norwegian-Greenland Sea. Hence, reduced 
ventilation, sluggish exchange and aging of bottom water masses would possibly cause 
decreased carbonate preservation (Henrich, 1989). 
A reduction of deep water formation in the Norwegian-Greenland Sea could be caused by 
perennial sea-ice cover as proposed by Kellogg (1980). However, a fully ice-covered 
Norwegian-Greenland Sea during long periods of the youngest glaciations is widely ruled out 
(Sarnthein et al., 1994, Sarnthein and Altenbach, 1995, Henrich, 1998). Another mechanism 
was proposed by Sarnthein et al. (1994). Giant melt water lenses spreading into the North 
Atlantic during deglaciations have been shown by these authors to induce an abrupt 
breakdown of NADW-production. Aagaard and Carmack (1989) calculated that the increase 
of freshwater spreading from the East Greenland Current of only a few percent might 
completely shutdown deep water formation in the Norwegian-Greenland Sea. 
High resolution sediment records of the past two glacial/interglacial cycles reveal that 
events of rapid melting were accompanied by strong ice berg calving and delivery of high 
amounts of ice rafted detritus (IRD) (Henrich 1989, Henrich et al. 1995). Indeed, we also find 
strong support for this scenario in our study. During the Brunhes chron, dissolution maxima 
perfectly concur with very high contents of IRD in both investigated ODP sites (Fig. 3.4). In 
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addition, maxima of IRD as well as of carbonate dissolution occur always close to the isotopic 
terminations. Still, it remains unclear why not every deglaciation is accompanied by strong 
carbonate dissolution and IRD supply in the investigated sediment records. 
Various studies in the North Atlantic proved that NADW production was reduced several 
times during the Pleistocene (Oppo and Fairbanks, 1987, Raymo et al., 1990, deMenocal et al., 
1992, Raymo et al., 1997). Raymo et al. (1997) calculated a proxy for the rate of NADW 
production from Pacific-North Atlantic 5I3C gradients. 
Several periods of substantially reduced NADW production during glacials proposed by 
Raymo et al. (1997) coincide with dissolution spikes identified in the present study. For 
example, the dissolution maxima at 0.4 and 0.6 Ma concur well with some of these NADW-
proxy minima at isotope stages 12 and 16. However, in our study, dissolution maxima do not 
always correspond with NADW-proxy minima (Fig. 3.4). For example, strong NADW 
reduction was calculated by Raymo et al. (1997) for isotope stage 10 where only minor 
dissolution takes place in the Norwegian-Greenland Sea (Fig. 3.4). 
Missing indicators for deep-water reduction in our dissolution records can be partly 
explained by the results of Sarnthein et al. (1994), who showed that a reestablishment of 
NADW production can be reached as fast as within a few hundred years. Probably our sample 
resolution was not high enough to detect such short-term events. A more detailed study 
(Henrich, 1998) proved carbonate dissolution events also at isotope stage 10. 
We therefore propose that the observed dissolution peaks at 0.1, 0.4 and 0.6 Ma represent 
very strong, short term meltwater events which interrupted deep water formation in the 
Norwegian-Greenland Sea substantially. 
3.5.2.2. Carbonate preservation during the late Matuyama 
There remains a remarkable discrepancy between carbonate preservation records and 
NADW calculations during the Matuyama chron. In this interval severe, long-term carbonate 
dissolution is observed by Henrich and Baumann (1994) as well as in this study (Site 985, Fig. 
3.4), whereas high amounts of NADW were calculated to reach the North Atlantic by Raymo 
et al. (1997). 
The convective activity in the Norwegian-Greenland Sea gyres is affected by substantial, 
interannual and interdecadal changes as shown by Dickson et al. (1996). These authors found 
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that a reduction of deep water formation in the Norwegian-Greenland Sea is coupled with an 
intensification of deep water formation in the Labrador Sea and vice versa. Of course, it is 
difficult to project such decadal processes to glacial-interglacial time scales. This would mean 
that a reduction of deep water formation in the Norwegian-Greenland Sea is not necessarily 
monitored in the North Atlantic. 
However, a long-term shutdown of deepwater formation during the late Matuyama seems 
to be unlikely because of two reasons: First, rather low amounts of IRD (Fig. 3.4) do not 
indicate a shutdown of deep-water formation in the Norwegian-Greenland Sea, related to long-
term meltwater events. Second, it has been shown that a long-term restriction of deep-water 
formation, due to a permanently ice-covered Norwegian-Greenland Sea is unlikely during this 
period (Henrich and Baumann, 1994, Baumann et al. 1996). 
During the late Matuyama, episodic intrusions of warm Atlantic surface waters into the 
Norwegian-Greenland Sea have been proven by various authors (Henrich and Baumann, 1994, 
Baumann et al., 1996, Baumann and Huber, in press). However, in comparison to recent 
carbonate preservation in the vicinity of the Norwegian Current (Fig. 3.3), carbonate 
preservation during the late Matuyama at Site 985 was significantly worse (Fig. 3.4). 
Investigations on sediment cores along an E-W transect across the Norwegian-Greenland 
Sea showed that the intrusions of warm Atlantic waters during the late Matuyama were 
restricted to a narrow, tongue-like zone along the eastern margin of the Norwegian Sea 
(Henrich and Baumann, 1994). Consequently, Henrich and Baumann (1994) proposed a more 
eastwards situated polar front than today. On the other hand, this scenario also implies a more 
eastward located East Greenland Current system. 
Hence, we can apply the recent mechanisms, we proposed in this study to lead to 
decreased carbonate preservation at the Greenland margin today, to explain the observed 
generally high carbonate dissolution intensities at Site 985 during the late Matuyama. Low 
carbonate rain, coupled with ice-margin related processes, such as recirculation of respirative 
C02 during wintry brine formation, under a more eastwards located East Greenland Current 
has probably decreased carbonate preservation by supralysoclinal dissolution at Site 985. 
Besides paleoceanographic explanations for the observed long-term, low carbonate 
sedimentation and enhanced carbonate dissolution in the Norwegian-Greenland Sea before 1 
Ma, also paleoecological causes have been taken under consideration. Meggers and Baumann 
(1997), Baumann and Huber (in press) and Huber et al. (subm.) showed that low carbonate 
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shell production in the Norwegian-Greenland Sea before 1 Ma was probably linked to the 
evolutionary adaptation of the planktonic foraminifer N. pachyderma sin. It was assumed that 
before approximately 1 Ma this species was not specialized to the polar, cold water 
environment, but rather to subpolar conditions (Meggers and Baumann, 1997, Huber et al., 
subm.). As this species, which is one of the main carbonate (calcite) shell producers during the 
Brunhes, was not present before 1 Ma, carbonate sedimentation was almost completely 
limited to coccolithophorid productivity, which only increased during periods with advection 
of Atlantic waters. The resulting low production of test of this foraminifer led to low carbonate 
rain and may have further increased the corrosive potential of bottom waters. 
In summary, the generally decreased carbonate preservation during the Late Matuyama as 
observed in Site 985 is most probably related to low carbonate rain, due to a more eastward 
located polar front and low abundances of the not yet polar adapted N. pachyderma sin., even 
during interglacials. Low carbonate rain led to an increase of the ratio of organic to anorganic 
carbon. The relative plus of organic matter and it's bacterial decay fed the sedimentary pore 
waters with additional C02 which led to enhanced carbonate dissolution. Additional supply of 
C02 by brine formation, due to the influence of a more eastwards located polar front probably 
further enhanced carbonate dissolution. Peak dissolution events (DI =4) as observed several 
times in Site 985 during the late Matuyama may additionally indicate short episodes, where 
deep-water exchange was significantly reduced or totally shut down. 
3.6. CONCLUSIONS 
Carbonate dissolution investigations of surface sediments from the Norwegian-Greenland Sea 
showed well preserved carbonate tests along the inflow of warm Atlantic surface water and in 
the northernmost Norwegian-Greenland Sea. Higher carbonate dissolution can be found along 
the continental margins off Greenland and Norway and in the deepest parts of the Greenland 
Basin. 
All samples investigated in this study are located above the hydrographic lysocline. 
Supralysoklinal processes, influencing the pore water chemistry of surface sediments, are 
therefore most important for carbonate preservation in the Norwegian-Greenland Sea. Only 
samples from the deep Greenland Basin lay close to the horizon of the carbonate saturation in 
the water column. 
46 3. Recent and Pleistocene carbonate preservation in sediments of the Norwegian-Greenland Sea 
Pleistocene dissolution records of Sites 985 and 987 show prominent peaks of extreme 
carbonate dissolution at 0.1-0.2, 0.4 and 0.6 Ma. High contents of IRD, contemporary with 
these carbonate dissolution maxima indicate that they can be related to intense meltwater 
pulses. During these deglaciation phases, deep-water formation probably was strongly 
depressed in the Norwegian-Greenland Sea. 
Long-term strong carbonate dissolution can be observed during the Late Matuyama. 
Reduced deep-water formation is probably indicated by several, extreme dissolution events. 
The generally enhanced carbonate dissolution during this period is related to low carbonate 
rain, due to a more eastwards located polar front and the nearly absence of the not yet polar 
adapted N. pachyderma sin. 
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4.1 ABSTRACT 
The cold water adapted planktonic foraminifer Neogloboquadrina pachyderma (sinistral 
coiling) is a commonly used species for paleoceanographic reconstructions in high latitudes. 
For these purposes, however, it is essential to understand when N. pachyderma sin. occupied 
the polar ecological niche; how far back into the past reliable calculations of sea surface 
temperatures via planktonic foraminiferal assemblages can be made? We present 
measurements of the maximum diameter of the planktonic foraminifer N. pachyderma sin. 
from six sediment cores (Ocean Drilling Program sites 643, 644, 907, 909, 985 and 987) from 
the Norwegian Greenland Sea. Our data show a distinct trend to increased shell size of N. 
pachyderma sin. in all sites during the last 1.3 Ma, with largest shell sizes reached after 0.4 Ma. 
Glacial-interglacial variability of mean shell size could not be detected and dissolution effects 
on shell size are negligible. We regard the observed shell size increase to mirror an 
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evolutionary trend towards better adaptation of N. pachyderma sin. to the cold water 
environment since 1.1-1.0 Ma. Probably, the Mid Pleistocene climate shift and the associated 
change of amplitude and frequency of glacial-interglacial fluctuations was triggering the 
evolution of this planktonic foraminifer. Oxygen and carbon stable isotope analysis of 
different shell size classes indicate that the observed shell size increase could not be explained 
by the morphofunctional concept that larger shells promote increasing sinking velocities 
during gametogenesis. 
For paleoceanographic reconstructions, the evolutionary adaptation of N. pachyderma sin. 
to the cold water habitat has significant implications. Carbonate sedimentation in highest 
latitudes is highly dependent on the presence of this species. In the Norwegian-Greenland Sea, 
carbonate poor intervals before 1.1 Ma are probably attributed to the absence of this not yet 
polar-adapted species. Furthermore, transfer functions and modern analog techniques used for 
the reconstruction of surface water conditions at high latitudes could therefore contain a large 
range of error if they were applied to samples older than 1.1-1.0 Myrs. 
4.2. INTRODUCTION 
Past sea surface temperature calculations via transfer functions or modern analog 
techniques on planktonic foraminiferal assemblages are of fundamental interest for the 
reconstruction and modeling of paleoceanographic conditions. Accurate techniques have been 
developed during the last decades (Imbrie and Kipp, 1971; Prell, 1985; Pflaumann et al., 1996), 
providing a valuable tool for the deciphering of past sea surface temperatures. The application 
of these methods at highest latitudes, however, is complicated by the nearly monospecific 
foraminiferal assemblages. For large areas of the Norwegian-Greenland Sea, faunal 
compositions of surface sediments are greatly dominated by the planktonic foraminifer 
Neogloboquadrina pachyderma sin. (Imbrie and Kipp, 1971). In a biogeographical point of 
view, this species is regarded as the only polar-adapted planktonic foraminifer (Parker and 
Berger, 1971; Be, 1977). It contributes to more than 90% to the recent foraminiferal 
assemblage northwest of the arctic front (Pflaumann et al., 1996) and high amounts of recent 
carbonate contents are produced by this species. 
A major characteristic of sediment cores from high latitudes are highly fluctuating 
carbonate contents, representing glacial-interglacial changes (Henrich et al., 1989; Henrich and 
Baumann, 1994). In the Norwegian-Greenland Sea high carbonate contents and high 
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abundances of N. pachyderma sin. reflect rather moderate sea surface temperature conditions, 
while low carbonate and planktonic foraminifer contents characterize cold, glacial epochs 
(Henrich et al., 1989; Henrich and Baumann, 1994; Baumann et al., 1996). By contrast, in the 
North Atlantic N. pachyderma sin. occurs in high percentages only during glaciations and is 
interpreted as an indicator for a prograding polar front (Ruddiman and Mclntyre, 1981) 
80°N 
75° 
70° 
65° 
Fig. 4.1: Map showing the locations of all investigated ODP sites, as well as present major surface 
water circulation. 
However, some doubts about the validity of N, pachyderma sin. as a cold water indicator in 
earlier times of the geological record have been raised by various authors. The mere absence of 
N. pachyderma sin. in the interval between 1.2 and 1.1 Ma resulted in a specious warming of 
surface water temperatures calculated via transfer functions from planktonic foraminifer 
assemblages in the North Atlantic, that was not observed in correlative oxygen isotope signals 
(Ruddiman et al., 1986; Ruddiman et al., 1989). Recently published factor analysis on 
planktonic foraminifer assemblages from the North Atlantic suggested that N. pachyderma 
sin. was not a polar indicator before 1.1 Ma. Because additionally an increase in shell size ofN. 
pachyderma sin. was observed in the Labrador Sea after 1.1 Ma. Meggers and Baumann 
(1997) proposed an evolutionary trend towards better adaptation to the polar habitat. 
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Evolutionary changes of the species' ecological preferences would obviously distort the 
results of assemblage-based sea surface temperature estimates. The basic requirements for the 
use of these methods are: (1) Sea surface temperatures and faunal assemblages of the 
underlying surface sediment are closely correlated and (2) The adaptation of the regarded 
foraminifer species to specific ecological conditions has not changed over time. For 
paleoceanographic reconstructions at high latitudes it is therefore essential to clarify when N. 
pachyderma sin. began to occupy the polar ecological niche and accordingly, how far back 
into the past a reliable application of transfer functions or modern analogue techniques is 
possible. 
In this study we present measurements of the maximum diameter of TV. pachyderma sin. 
Sediment samples from six Ocean Drilling Program (ODP) sites from the Norwegian-
Greenland Sea were investigated covering the last 1.3 Myrs. Carbonate records were used to 
test glacial-interglacial variability of foraminiferal shell size. Additionally, the influence of 
dissolution effects on foraminiferal shell size was investigated. To examine possible 
differences in calcification depth, oxygen and carbon isotopes were measured on two different 
shell size fractions of N. pachyderma sin. 
4.3. MATERIAL AND METHODS 
Sediment samples were taken from ODP sites 644, 643, 985, 907, and 987 that represent an 
E-W transect across the Norwegian-Greenland Sea. Additionally, ODP site 909 from the Fram 
Strait was investigated as northernmost extreme (Fig. 4.1; Tab. 4.1). The spatial distribution of 
the sampling sites covers all recent major surface water masses of this area. 
For determination of calcium carbonate contents of site 987, a LECO CS-125 infrared 
analyzer was used. This device measures only total carbon (TC) contents. In proceeding 
analysis the samples were therefore treated with hydrochloric acid to allow the determination 
of total organic carbon (TOC) content. Bulk carbonate content was then calculated in weight 
percentage of the bulk sediment with the following equation: 
CaC03 [wt.-%] = (TC [wt.-%] - TOC [wt.-%]) x 8.33. 
Calcium carbonate measurements of ODP Sites 643 and 644 were obtained by Henrich and 
Baumann (1994) and Baumann et al. (1996), carbonate data of ODP Sites 907 and 909 are 
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from Baumann et al. (1996) and carbonate contents of ODP site 985 were taken from 
Baumann and Huber (in press) 
Table 4.1: Location of investigated ODP sites 
ODP Leg 
104 
104 
162 
151 
162 
151 
Site 
644 
643 
985 
907 
987 
909 
Location 
inner V0ring Plateau 
outer V0ring Plateau 
Norway Basin 
Iceland Plateau 
Greenland Margin 
Fram Strait 
Latitude 
66°41'N 
67°43'N 
66°56'N 
69°15'N 
70°29'N 
78°35'N 
Longitude 
04°35'E 
0F02'E 
06°27'W 
12°42'W 
17°56'W 
03°04'E 
Water depth (m) 
1227 
2764 
2787 
1812 
1670 
2530 
Biometrical analysis on N. pachyderma sin were performed on samples that were originally 
prepared for foraminiferal counts. A weighed part of the freeze-dried sediment sample (using a 
FINN-AQUA lyvotac GT2) was washed on a 63 um sieve and further separated into 63-125 
um, 125-500 um, 500-1000 um, and >1000 um size fractions using a ATM-SONIC-Sifter. To 
obtain a representative split of the total sample for morphometric analyses, the 125-500 um 
fraction was split down to a part of approximately 500 particles using a microsplitter. These 
particles were regularly spread on a black surface of 9 x 5 cm with a 1 cm square grid. 
Approximately 40 adult specimens of N. pachyderma sin. were randomly picked from the 
middle grid line, regardless their size or morphology, and mounted on a SEM stub. From 
samples with very low abundances of planktonic foraminifers, all individuals of N. 
pachyderma sin. of the whole 125-500 um fraction were taken. The maximum diameter of 
each foraminifer was measured in umbilical view with a ZEISS DSM 940 scanning electron 
microscope at a magnification of 200 x. 
A dissolution index was estimated for sites 985 and 987 at a magnification of 3000 x which 
allows to associate a numerical value to a predefined dissolution stage. The corresponding 
numerical values for carbonate dissolution range from 0 (no dissolution) to 4 (extreme 
dissolution). A detailed description of this method is given by Henrich et al. (1989) and 
Baumann and Meggers (1996). Dissolution data for sites 644 and 643 were previously 
published by Henrich and Baumann (1994), for sites 907 and 909 by Baumann et al. (1996). 
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For stable isotope analysis we followed the recommendations of Healy-Williams (1992) 
and exclusively chose four-chambered, subquadrate individuals in order to avoid morphotype 
influences on stable isotope values. We separately investigated individuals of two different 
size fractions of N. pachyderma sin. (<200 urn and > 300 um) to examine if differences in 
isotopic composition occur between large and small individuals which could be deduced to 
differences in calcification depth. To separate these size classes, each individual for stable 
isotope analysis was measured under an OLYMPUS binocular with an ocular scale at a 
magnification of 80 x. Isotope analyses were carried out at the Massachusetts Institute of 
Technology, Cambridge, USA. Samples were reacted with 105 % phosphoric acid at 90 °C. 
The purified CO2 was analyzed in a VG Prism III stable isotope ratio mass spectrometer fitted 
with an acid bath ISOCARB II automated preparation system. Both 8 O and 8 C are 
reported versus PDB. The analytical precision of the laboratory standard was ±0.07 %o for 8 
18 1^ 
O and ±0.02 %o for 8 C, several triplicate measured samples showed that analytical 
reproducibility was ±0.09 %o and ± 0.14 %0 respectively. 
Age determinations for site 643 and site 907 are based on a detailed oxygen isotope 
stratigraphy given by Fronval and Jansen (1996) and Fronval (pers. comm.). For Sites 985 and 
987 the stratigraphic framework is based on magnetostratigraphy given in Leg 162 IR volume 
(Jansen et al., 1996), and for site 985 additionally on the refinement of the Brunhes timescale 
given by Baumann and Huber (in press). Age-depth relations for the section above 1.0 Ma at 
site 644 were determined by Henrich and Baumann (1994). In the older section 
magnetostratigraphic dates (Bleil, 1989) were applied. The time scale of site 909 was 
determined primarily by the identification of magnetic reversals (Myhre et al., 1995). 
4 . 4 . RESULTS 
4.4.1. Morphometric measurements 
To express all measurements on a statistical basis, a Box-Plot is used to reduce the high 
amount of measurements (more than 7000 individuals) to a useful degree of information. 
Here, the black circle in the plot represents the mean of the measurements of one sample, 
while the intra-sample variability is represented by ± 1 times the standard error (box) and ± 1 
times the standard deviation about the mean ("whiskers") (Fig. 4.2). These data as well as 
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additional information as number of measurements per sample, median, minimum and 
maximum are summarized in Appendix A. 
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Fig. 4.2: Morphometric measurements of N. pachyderma sin. of all investigated sites. The data is 
shown as Box-plot. The black, filled circle in the plot represents the sample-mean of shell 
size measurements. Intra-sample variability of shell size is represented by ± 1 times the 
standard error (box) and ± 1 times the standard deviation about the mean (whiskers). 
Isotopic stages 5 to 19 are marked by gray bars at the margin of each plot. 
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Intra-sample size distributions show various shapes ranging from unimodal, bimodal to 
Gaussian. The variabilities of the individual measurements as expressed by the standard 
deviation lays in 80% of all samples between 20 and 40um, and 80% of all samples show 
standard errors between 4 and 8um. Mean sizes show only negligible differences comparing to 
the median (Fig. 4.3). This is especially important, because of the relatively low numbers of 
measurements per sample we used. However, 92% of all measurement show less than lOum 
deviation between mean and median, the correlation coefficient is 0.96 (r2). This proves the 
good reliability of the mean value, we will concentrate therefore on the description of the 
mean values of shell sizes. 
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Fig. 4.3: Comparison between mean and median of all investigated samples. 
The morphometric measurements of all sites are illustrated in Figure 4.2. In site 644 
generally low mean shell sizes between 184 um and 205 um can be observed in the interval 
between 1.3 Ma and 1 Ma. A short period where mean shell size values reach 252 um occurs 
from 0.9 Ma to 0.85 Ma. Constantly low mean shell sizes from 204 um to 232 um are 
dominating from 0.8 Ma to 0.4 Ma. A marked increase in mean shell sizes, can clearly be 
recognized after 0.4 Ma. Largest mean shell sizes between 260 um and 282 um occur between 
0.25 Ma and 0.15 Ma. 
Sites 643 and 985 yield comparable developments. Mean shell sizes varying from 177 um 
to 269 jam are again dominating the interval between 1.3 Ma and 0.4 Ma. After a minimum at 
0.4 Ma in both sites constantly higher mean shell sizes (> 240 urn) are reached again. The 
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largest mean shell sizes (280-300 um) are determined between 0.3 and 0.15 Ma, followed by a 
slight decrease in the youngest part. 
Site 907 shows very similar features as described above for sites 643 and 985, despite the 
worse sampling resolution in the older section due to very low contents of planktonic 
foraminifers in this interval. Again small mean shell sizes ranging from 183 to 244 um can be 
observed in the section from 1.3 to 0.4 Ma. After a decrease at 0.4 Ma a distinct increase in 
mean shell size is obvious. Highest mean shell sizes varying between 232 and 275 um, were 
measured in the section younger than 0.3 Ma. 
At site 987 morphometric measurements could only made back to 1.0 Ma because of very 
sparse contents of foraminifers in the older sections. From 1.0 Ma to 0.3 Ma relatively small N. 
pachyderma sin. shells with mean sizes between 184 and 229 um are predominant over the 
entire interval. Also at this site, largest mean shell sizes from 220 to 279 um appear in section 
after 0.3 Ma. A decrease in mean shell size is obvious in the youngest part of site 987. 
Although site 909 is characterized by very low contents of N. pachyderma sin. in the 
section older than 0.6 Ma, it is possible to detect generally low mean shell sizes (189-231 um) 
in this section. A first increase in shell size to mean shell sizes ranging from 212 to 254 um 
appears in the interval from 0.55 to 0.45 Ma, followed by a decrease in mean shell size at 0.4 
Ma to values between 209 and 226 um. After 0.4 Ma mean shell sizes steadily increase. 
Highest mean shell size between 225 and 298 um were measured in the last 0.3 Myrs. 
A marked, common character of all sites is the trend to larger shell sizes of N. pachyderma 
sin. during the last 1.3 Myrs. The linear fit of mean shell sizes (Fig. 4.2), which is almost 
identical for all sites, gives an impression about the general trend of this species' size evolution 
in this interval. An upward tendency of mean shell sizes of about 50 to 80 um can be noticed. 
In all investigated sites mean shell sizes increase from about 170-200um to about 250-270um. 
4.4.2. Stable isotope measurements 
The stable oxygen isotopic composition of Site 985 generally varies between 4.4 and 2.75 
%o, indicating glacial-interglacial variability. Differences in oxygen isotope values between 
small and large individuals (A5 O) are generally low, ranging between -0.4 and 0.3%o, the 
total average A8 180 is only 0.03 %c (Fig. 4.7, Tab. 4.2). 40 % of the values for differences 
between the size fractions lay within the range of analytical reproductivity. 
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Carbon isotope measurements revealed more significant differences between the large and 
small specimen of N. pachyderma sin. Generally, differences between these two fractions (A8 
13C) lay between 0.14 and 1 %0 (Fig. 4.7, Tab. 4.2). The total average A8 13C is 0.26 %o. Except 
for three samples at 0.08 Ma (A813C = -0.12 %<>), 0.39 Ma (A513C = -0.01 %„) and 0.76 Ma (A8 
13 
C = -0.04 %0) all measurements show heavier values for >300 um N. pachyderma sin. than 
those of the <200 um fraction. 
Table 4.2. Oxygen and carbon isotope compositions of two different size fractions of N. 
pachyderma sin. from ODP site 985. A means the isotopic difference between the >300 
um and < 200pm fraction. 
Sample ID 
985 B 1H1-9 
985A1H1-70 
985A1H 1-129 
985 A 1 H 2-9 
985 A 1 H 2-47 
985 A 1 H 2-70 
985A1H2-120 
985 A 1 H 3-70 
985A1H3-120 
985 A 1 H 4-20 
985 A 1 H 4-72 
985A1H4-149 
985 A 1 H 5-20 
985 A 1H 5-120 
985 B 2 H 2-129 
985 B 2 H 4-69 
985A2H2-120 
985 A 2 H 3-20 
985 A 2 H 4-49 
985 A 2 H 4-70 
985A2H4-120 
985A2H5-120 
985 A 2 H 6-88 
985A3H3-120 
985 A 3 H 5-20 
985A3H5-149 
985 A 3 H 6-70 
Age (Ma) 
0.005 
0.033 
0.052 
0.064 
0.083 
0.094 
0.119 
0.182 
0.213 
0.234 
0.265 
0.313 
0.324 
0.367 
0.387 
0.433 
0.455 
0.469 
0.557 
0.561 
0.572 
0.594 
0.599 
0.620 
0.670 
0.759 
0.803 
518Q (%c) 
>300pm 
2.78 
4.41 
4.10 
4.27 
3.55 
2.86 
3.97 
4.15 
3.63 
3.82 
4.01 
3.09 
2.91 
4.31 
2.91 
3.66 
2.68 
4.02 
3.28 
3.82 
4.17 
3.84 
3.17 
3.88 
4.28 
<200pm 
2.74 
4.17 
4.12 
4.09 
3.28 
2.70 
3.69 
3.84 
3.63 
3.63 
4.13 
3.07 
2.97 
4.25 
2.77 
3.28 
3.82 
4.08 
2.88 
4.04 
3.47 
4.03 
4.08 
3.73 
3.58 
3.87 
4.21 
A 
0.04 
0.25 
-0.015 
0.18 
0.27 
0.16 
0.28 
0.31 
0 
0.19 
-0.12 
0.02 
-0.06 
0.06 
0.14 
-0.16 
-0.2 
-0.02 
-0.19 
-0.21 
0.09 
0.11 
-0.41 
0.01 
0.07 
513C (%o) 
>300pm 
0.70 
0.43 
0.15 
0.66 
0.61 
0.43 
-0.03 
0.08 
0.59 
0.74 
-0.05 
0.52 
0.32 
0.61 
0.62 
0.83 
0.28 
0.48 
0.64 
0.38 
-0.27 
0.01 
0.24 
0.15 
-0.38 
<200pm 
0.28 
-0.23 
-0.08 
0.24 
0.73 
0.25 
-0.17 
-0.16 
0.4 
0.49 
-0.54 
0.49 
-0.21 
0.3 
0.63 
0.23 
0.78 
0.35 
0.18 
0.08 
0.36 
-0.62 
-0.42 
-0.13 
0.03 
0.19 
-0.64 
A 
0.42 
0.66 
0.23 
0.42 
-0.12 
0.18 
0.14 
0.24 
0.19 
0.25 
0.49 
0.03 
0.53 
0.31 
-0.01 
0.05 
0.1 
0.4 
0.28 
1 
0.15 
0.14 
0.21 
-0.04 
0.26 
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3.5. DISCUSSION 
4.5.1. Shell size increase and evolutionary change 
An increase in shell size of a foraminifer species, such as observed in this study, could have 
various causative reasons. At least two important factors which could influence foraminiferal 
shell size distribution have to be excluded: 
The first question that arises is if mean shell size variations simply reflect ecophenotypic 
variations as a response to changing paleoclimatic conditions. 
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Fig. 4.4: Correlations between carbonate content and mean maximum shell size of N. 
pachyderma sin. Note that scale for carbonate content varies. 
This is especially important as we note several similar size fluctuations in the investigated 
sites after 0.4 Ma which superimpose the general trend to larger shell size. Variations in 
foraminiferal shell size have been documented to closely correspond with changes in sea 
surface temperature, salinity or nutrient supply. 
For instance, the control of temperature on foraminiferal shell size was clearly documented 
for Globigerina bulloides by Malmgren and Kennett (1978) and for Orbulina universa by Be 
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et al. (1973). Relations between temperature, salinity and shell size have been shown for 
Globigerinoides ruber by Hecht (1976) In addition, a more recent study (Naidu and 
Malmgren, 1995) showed that times of enhanced nutrient supply and productivity are 
monitored by increased shell size of tropical, subtropical and subpolar species. 
If any of the above mentioned environmental factors has influenced the shell size evolution 
of N. pachyderma sin., the observed long term trend to increased mean shell sizes should then 
at least be influenced by distinct glacial-interglacial changes of mean shell size. To test a 
possible relationship between environmental or climatic factors and mean shell size, we 
compared carbonate contents -as a proxy for glacial-interglacial changes of shell production 
and sea surface temperature (Henrich and Baumann, 1994; Baumann et al., 1996)- and mean 
shell size. 
Regression analysis reveals no relationship between bulk carbonate content and mean 
maximum shell size. Correlation coefficients of all sites vary between 0 and 0.07 (r-squared) 
(Fig. 4.6). Further, the comparison of isotope stages as indicated in Figure 4.2 and mean shell 
sizes shows that the shell size evolution of N. pachyderma sin. is independent of glacial-
interglacial changes. This clearly indicates first, that glacial-interglacial variability and therefore 
environmental control on shell size is negligible and second, that other causes must be 
responsible for the observed shell size evolution of N. pachyderma sin. 
Another important factor that has to be excluded is the control of carbonate dissolution on 
shell size distribution of planktonic foraminifers. Comparably high negative correlations 
between dissolution index and mean maximum shell size in site 985 (r2= 0.34), site 907 (r2= 
0.34) and site 909 (r2= 0.32) indicate some relation between shell size and carbonate 
dissolution (Fig. 4.5). This relation is weaker in site 643 (r2=0.22) which exhibits lower 
correlation coefficients. Parker and Berger (1971) and Berger et al. (1982) have shown that 
with increasing dissolution, fine fractions can be enriched relative to coarse fractions due to 
the breakage of larger particles. However, very low correlation coefficients between 
dissolution index and shell size in site 987 (r2=0.04) and in site 644 (r2=0.18) can be observed. 
Site 987 was permanently influenced by high carbonate dissolution. On the other hand, Site 
644 was least of all affected by dissolution (Fig. 4.5). Despite extremely different dissolution 
intensity in these two sites the typical shell size evolution of TV. pachyderma sin. from small to 
large individuals can be observed. We therefore assume that relatively high correlation 
coefficients from sites 985 and 907 can most probably be explained by a generally higher 
susceptibility of finer calcareous particles to dissolution than by fractionation of large shells, as 
proposed by Metzler et al. (1982) and do not obscure the general finding of a trend to 
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increased shell sizes in all sites. Additionally, extremely different dissolution intensities 
compared with very similar shell size evolution as for example observed in sites 987 and 644 
implies that also short time fluctuations of shell size can not be caused by dissolution effects. 
At this state we can not offer a satisfying explanation for the observed short time fluctuations 
in mean shell size, possibly they are coupled to sorting processes due to winnowing. 
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Fig. 4.5: Correlations between dissolution index and mean maximum shell size of N. pachyderma sin 
External factors such as glacial-interglacial environmental changes and carbonate 
dissolution could be shown to be of minor importance for the observed shell size evolution of 
N. pachyderma sin. Therefore, another triggering mechanism has to be taken into account. We 
propose that the observed increase in shell size of N. pachyderma sin. during the last 1.3 Myrs 
is an expression of the evolutionary adaptation to the recent cold water habitat. This 
hypothesis is supported by a series of sedimentological and paleontological observations from 
the Norwegian-Greenland Sea (Fig. 4.6): 
The onset of the major Northern Hemisphere glaciation led to a long period of 
continuous glacial conditions in the Norwegian-Greenland Sea, resulting in an almost 
completely halted carbonate shell production (Henrich and Baumann, 1994; Baumann et al., 
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1996; Baumann and Huber, in press). Almost consistently very low contents of bulk carbonate 
and planktonic foraminifers occur only after about 1.9 Ma. (Henrich and Baumann, 1994; 
Baumann et al., 1996; Baumann and Huber, in press). 
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Fig. 4.6: Schematic summary of typical patterns of carbonate sedimentation and planktonic 
foraminiferal abundances in the Norwegian-Greenland Sea during the last 3 Myrs 
(summarized from Henrich and Baumann (1994), Baumann et al. (1996), Baumann and 
Huber (in press)). Isotope stages 5 to 19 are indicated by shaded bars. 
Interestingly, despite the low amounts of carbonate, indicating a glacial-dominated period 
(Henrich and Baumann, 1994), the foraminiferal assemblages - appearing during several short 
periods in very low abundances - are not exclusively composed by N. pachyderma sin. In 
equal or even higher percentages, subpolar species can also be observed (Baumann et al., 
1996; Baumann and Huber, in press). A general marked increase in N. pachyderma sin. 
abundances and bulk carbonate contents during interglacials can be noticed in the Norwegian-
Greenland Sea after approximately 1.1-1.0 Ma (Baumann et al., 1996; Baumann and Huber, in 
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press). This is coincident with the shell size increase of N. pachyderma sin. as observed in this 
study. 
It is hard to understand why the carbonate shell production was so low in the Norwegian-
Greenland Sea between 1.9 and 1.1 Ma, although the occurrence of subpolar species indicate 
short, but rather moderate sea surface temperatures. Yet, if N. pachyderma sin. was not 
optimally adapted to the polar and arctic water habitat at this time, this paradox becomes 
explainable: Since there was no other polar-adapted carbonate secreting species, only limited 
carbonate production was possible at these highest latitudes. Additionally, it seems most likely 
that N. pachyderma sin. rather was a subpolar species during this period. We assume that the 
evolutionary adaptation of N. pachyderma sin. to it's recent cold water habitat started at 
approximately 1.1-1.0 Ma. This finding is consistent with the results of Meggers and Baumann 
(1997). They noticed an analogous size increase of N. pachyderma sin. in the Labrador Sea. 
The proposed evolutionary change of N. pachyderma sin. arises close to a prominent 
climate shift at about 0.9 Ma, the Mid Pleistocene Revolution (MPR) (Berger and Jansen, 
1994). The MPR is characterized by a global shift from obliquity-dominated 41 kyr to 
eccentricity-dominated 100 kyr climate fluctuations (Imbrie et al., 1993; Berger and Jansen, 
1994) and is associated with an increase in amplitude of glacial-interglacial variations. A 
possible scenario would be that longer and warmer interglacials could have allowed N. 
pachyderma sin. to intrude further north into the arctic realm. The subsequent longer glacials, 
on the other hand, would have forced it to retreat much further south to reach suitable 
environmental conditions than before the MPR. Indeed, such mode of interglacial intrusion 
and glacial withdrawal between the North Atlantic and the Norwegian-Greenland Sea can be 
deduced from foraminiferal abundance data (Baumann and Huber, in press) only after 0.65 
Ma. Since then, N. pachyderma sin. appears in highest abundances during glacials and lowest 
during interglacials in the North Atlantic and vice versa in the Norwegian-Greenland Sea. 
Probably the change towards increasing glacial-interglacial contrasts after the MPR triggered a 
successive adaptation of N. pachyderma sin. Optimal adaptation of this species to the cold 
water habitat was possibly attained after 0.4 Ma as indicated by the appearance of largest shell 
sizes of N. pachyderma sin. in all sites (Fig. 4.2). This is also supported by the late occurrence 
of high abundances of planktonic foraminifers during interglacials in extreme locations as the 
Fram Strait and the Iceland Sea after 0.4 Ma as reported by Baumann et al. (1996). 
4, Morphometry evolution of the planktonic foraminifer Neogloboquadrina pachyderma sin. 65 
4.5.2. Paleoecological aspects of the evolutionary adaptation ofN. pachyderma 
sin. 
Distinct changes in shell size or morphology of various planktonic foraminifers have 
previously been interpreted as an expression of the evolutionary adaptation to specific 
environmental conditions. Such evolutionary trends of planktonic foraminifers could be 
demonstrated for the Globorotalia puncticulata - Globorotalia inflata lineage (Malmgren 
and Kennett, 1981; Norris et al, 1994; Wei, 1994), for the Neogloboquadrina acostaensis -
Pulleniatina primalis lineage (Belyea and Thunell, 1984) and for the Neogloboquadrina 
atlantica- Neogloboquadrina pachyderma lineage (Meggers and Baumann, 1997). 
It is tempting to search for morphofunctional interpretations for the evolutionary shell size 
increase of Neogloboquadrina pachyderma sin. during the last 1.3 Myrs. Shell size and shell 
mass respectively, can significantly influence the buoyancy of planktonic foraminifers (Fok-
Pun and Komar, 1983) which yields particular impact during each ontogenetic stage. The life 
cycle of N. pachyderma sin. can roughly be outlined as follows: pregametogenetic forms of N. 
pachyderma sin. prefer a habitat in the upper 200 m of the water column (Carstens and Wefer, 
1992; Berberich, 1996; Bauch et al., 1997). Generally, the main abundance of these individuals 
is observed within or immediately below the chlorophyll maximum zone (Berberich, 1996; 
Kohfeld et al., 1996). During the individuals' maturation the foraminifers shell size increases 
by adding new chambers. Accompanied by secondary shell encrustation it sinks to greater 
water depths below 200 m, where the release of gametes by adults initiates a new generation 
cycle (Be, 1960; Spindler and Dieckman, 1986; Berberich, 1996). 
All individuals investigated in this study showed marked features of gametogenetic 
processes such as kummerchambers or secondary calcification. Thus, the ontogenetic stage 
which is dominantly documented in our samples is the final, gametogenetic stage. During this 
final stage, a shell architecture which increases sinking velocities and allows this species to 
reach greater depths for gametes release with less predative pressure would be favorable. Such 
an evolutionary process towards greater reproduction depths was proposed for the 
Globorotalia (Fohsella) lineage by (Norris et al., 1993) and for the Globorotalia puncticulata 
- inflata plexus by (Wei, 1994). Can we argue that increased shell size enabled N. pachyderma 
sin. to reach greater, safer depths for gametes release? 
If large individuals migrate to greater depths during gametogenesis than small individuals, 
this should result in enhanced incorporation of light carbon isotopes, due to the isotopic 
signature of the water column (Kroopnick, 1985). Interestingly, we exactly observe the 
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opposite in our measurements. Shells with larger diameter show generally heavier carbon 
isotopic composition than small foraminifers (Fig. 4.7, Tab.4.2). 
Size dependent carbon isotopic compositions have previously been explained by vital 
effects (Berger et al., 1978; Donner and Wefer, 1994). Such effects cause high disequilibrium 
1 T 
fractionation during fast growth in early life stages which leads to low 8 C values. During 
shell growth in adult stages the disequilibrium decreases and heavier carbon isotopes are 
incorporated (Berger et al., 1978). Another possible interpretation was proposed by Aksu and 
Vilks (1988). They explained carbon isotopic gradients between large and small individuals of 
N. pachyderma sin. with the presence of magnesium calcite, which is generally enriched in 
13 
C, in the encrusted part of larger (250-500 um) individuals. The sinking of larger individuals 
to greater depths however, can not be derived from our stable carbon isotopes results. 
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Fig. 4.7: Differences (A) of stable oxygen and carbon isotope measurements between >300 and <200 
um specimen samples measured on ODP site 985. The shaded bar represents the range of 
sample reproducibility. 
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Differences in stable oxygen isotope ratios between different planktonic foraminifer species 
closely correspond to their depth habitat ranking. Deeper living species show heavier oxygen 
isotope values than shallow water dwellers (Emiliani, 1954; Berger et al., 1978; Durazzi, 1981). 
Recently published studies showed that the oxygen isotope composition of N. pachyderma 
sin. integrates the hydrographic signature of the upper water column during constant shell 
formation and gametogenetic calcification with increasing water depth (Kohfeld et al., 1996; 
Bauch et al., 1997). The sinking of, in particular, larger individuals to greater water depth 
during gametogenesis should then be monitored by heavier oxygen isotopes. 
Stable oxygen isotope measurements on three size classes of N. pachyderma sin. of this 
study revealed no significant difference between large and small individuals (Fig. 4.7, Tab.4.2). 
Despite a certain trend towards more positive difference in the section younger than 0.25 Ma, 
in 40% of all samples the differences between measurements of large and small individuals lay 
within the range of sample reproducibility (± 0.09 %o). Further, all measurements lay within 
the natural variability measured on different shell size fractions (Bauch et al., 1997) or 
encrustation levels (Kohfeld et al., 1996) of living N. pachyderma sin. from the same water 
depth. In conclusion, the observed variance in stable oxygen isotopes between large and small 
individuals is not distinct and consistent enough to allow speculations about different sinking 
depths during gametogenesis. 
As we stated above, the size increase of N. pachyderma sin. can be regarded as an 
expression of an evolutionary adaptation to the polar habitat. The shell size development of 
this planktonic foraminifer provides a good example of Cope's Rule (Cope, 1887; Cope, 1896) 
which describes the evolutionary tendency of many phylogenetic lineages towards increasing 
physical size and ecological specialization (Stanley, 1973; Gould, 1988). An increase in size or 
morphological complexity of a lineage is not necessarily connected with morphofunctional 
advantages (Stanley, 1973). However, larger body size may be accompanied by some true 
advantages such as enhanced energy turnover per unit biomass, better ability to defend against 
predators or tolerance to a wider range of environmental conditions (Brown and Maurer, 
1986). 
We understand little about the biological and physiological strategies that allows N. 
pachyderma sin. to inhabit extremely cold water environments. This remarkable planktonic 
foraminifer prefers temperatures below 7-8 °C (Be, 1960; Reynolds and Thunell, 1986). and 
has even been reported in such hostile environments as the Antarctic sea-ice (Spindler and 
Dieckman, 1986; Dieckman et al., 1991). The adaptation to the cold water habitat may have 
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been favored by a specialization on diatom or algal prey (Spindler and Dieckman, 1986; 
Gowing, 1989; Hemleben et al., 1989). Furthermore, highly experted overwintering strategies 
of modern N. pachyderma sin. in sea ice are reported from the Antarctic (Spindler and 
Dieckman, 1986; Dieckman et al., 1991; Berberich, 1996). Also, flexible reproduction 
strategies, allowing preferred reproduction in a lunar cycle during summer and halted 
reproduction combined with prolonged life during winter (Carstens and Wefer, 1992), enhance 
the chances for the survival of the species community in the polar habitat. 
In order to clarify what exactly was crucial for the adaptation of N. pachyderma sin., 
further information about the recent biological characteristics that enable this species to 
survive in cold water environments are needed. However, the finding that N. pachyderma sin. 
was probably not adapted to the cold water habitat before 1.1 Ma has strong implications for 
paleoceanographic reconstructions. Prior to this time, sea surface temperatures calculated via 
transfer functions from planktonic foraminifer assemblages which contain significant 
percentages of TV. pachyderma sin. could be misleading. 
4.6. CONCLUSIONS 
Morphometric investigations on N. pachyderma sin. reveal a distinct trend to increased 
shell size in the Norwegian-Greenland Sea during the last 1.3 Myrs. Largest shells are 
measured in sediments of the last 0.4 Ma. Carbonate dissolution has no significant influence 
on shell size distribution in our study and glacial-interglacial variability of shell size could not 
be detected. We assume, that increasing shell size of N. pachyderma sin. illustrates an 
evolutionary adaptation to the cold water habitat over the last 1.3 Myrs. The evolutionary 
adaptation started at approximately 1.1-1.0 Ma, the species' optimum adaptation was reached 
after 0.4 Ma. 
Probably, the amplitude and frequency change of glacial-interglacial fluctuations 
associated with the Mid Pleistocene climate shift was triggering the evolution of this 
planktonic foraminifer. Morphofunctional reasons for the increased shell size, such as 
increased sinking velocities of large shells, could not be verified. Results from stable carbon as 
well as oxygen isotope investigations do not indicate different sinking depths during 
gametogenesis. 
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The finding of an evolutionary adaptation of N. pachyderma sin. to the cold water habitat 
has significant implications for paleoceanographic reconstructions, because carbonate 
sedimentation in high latitudes is highly dependent on the presence of this species. In the 
Norwegian-Greenland Sea, carbonate poor intervals before 1.1 Ma are probably attributed to 
the absence of this polar-adapted carbonate secreting species. Furthermore, sea surface 
temperatures calculated via transfer functions from high latitude planktonic foraminifer 
assemblages older than 1.1 Ma are probably inaccurate. 
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5.1. ABSTRACT 
Records of bulk carbonate content, ice-rafted detritus (IRD), planktonic foraminifers, and 
coccolithophores of Ocean Drilling Program (ODP) Site 982 from the Rockall Plateau and Site 
985 from the Norwegian Sea are compared to determine the variability of the south-north 
gradients in surface water since about 3.1 Ma. 
The onset of the major Northern Hemisphere glaciation appears time-transgressively 
between the sites, as indicated by both a noticeable increase in IRD and marked decrease in 
carbonate. Thus, each site is recording a somewhat different manifestation of the larger 
processes which occurred in the interval 2.8 to about 1.1 Ma. Although the interval since about 
2.5 Ma was a climatically unstable time interval in the North Atlantic, sedimentation is largely 
composed of calcareous biogenics at Site 982. Minimum carbonate contents are, however, due 
primarily to dilution by IRD during glacials. In contrast, at Site 985 glacial conditions, 
probably with discontinuous sea-ice cover dominated throughout until 1.1 Ma as shown by 
the nearly carbonate-free sediments. Thus, during most of this time interval the North Atlantic 
surface water did not enter the Norwegian Sea. However, increased carbonate contents and 
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relatively abundant coccoliths indicate increasingly northward penetrations of relatively warm 
Atlantic water into the Norwegian Sea during short phases at about 1.9 and 1.4 Ma. 
The gradient between the North Atlantic and the Norwegian Sea became less distinct after 
about 1.1 Ma, and even less pronounced after 0.65 Ma. Short but warm interglacials with 
relatively high biogenic carbonate accumulation occurred in the Norwegian Sea, alternating 
with longer glacial-dominated intervals with high inputs of IRD. However, glacial-interglacial 
contrast was subdued in the Norwegian Sea in contrast to the North Atlantic. Thus, a 
pronounced increase in the meridional circulation of the northern North Atlantic is inferred for 
the Brunhes chron. 
5.2. INTRODUCTION 
One of the central goals of the ODP Leg 162 was to investigate the role of the Iceland-
Faeroe Ridge as a critical gateway for the thermohaline circulation system in the North 
Atlantic. Today, warm saline surface water flows from the Atlantic via the Iceland-Faeroe 
Ridge into the Norwegian Sea. The advection of these temperate surface waters into the area 
provides a strong heat source for eastern subarctic Europe and causes the recent favorable 
warm climatic conditions. As a consequence of the cooling and sinking of the advected 
waters, deep water formation takes place, especially in the Iceland and Greenland Seas. Much 
of the world's deep water is formed in this region. The northward inflow of temperate surface 
waters into the Norwegian Sea and southward outflow of deep, well-oxygenated waters from 
this area into the North Atlantic must pass the Iceland-Faeroe Ridge. Oceanographic as well as 
climatic changes on each side of the gateway are therefore strongly related to each other. 
The flow pattern via the Iceland-Faeroe Ridge as well as the surface-water circulation 
system in the northern North Atlantic has consistently changed in time with shifting climate 
regimes. Many recent studies have shown that variations in surface water conditions and 
thermohaline circulation in the North Atlantic during the last glacial cycle are linked to the 
rapid and significant oscillations in air temperature (e.g., Lehman and Keigwin, 1992; 
McManus et al., 1994; Bond and Lotti, 1995; Oppo and Lehman, 1995). The present 
circulation pattern, which probably has been operating since about 10,000 years ago 
(Baumann and MatthieBen, 1992; Koc Karpuz and Jansen, 1992; Sarnthein et al. 1995), is 
different from the unstable pattern of the glacials (e.g., Veum et al. 1992; Duplessy and 
Labeyrie, 1994; Sarnthein et al., 1995). The North Atlantic Drift changed its northward 
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position considerably during the late Quarternary without extending far into the Norwegian 
Sea during glacials (CLIMAP, 1981). There is, however, no evidence that the thermohaline 
circulation was totally hampered during cold stages, but much of the heat loss occurred farther 
south in the North Atlantic. This is shown by sea-surface temperature reconstructions along 
south-north transects from the North Atlantic to the Norwegian Sea/northwest Europe (Sejrup 
and Larsen, 1991; Veum et al., 1992; Koc et al., 1996). 
Direct comparisons between North Atlantic and Norwegian-Greenland Sea records, 
nevertheless, are usually not attempted. Evidence from both the Norwegian Sea and the North 
Atlantic suggests that the major intensification in Northern Hemisphere glaciation, which 
generally is defined by an abrupt increase in the amount of IRD, occurred at approximately 
2.75 Ma (Raymo et al., 1989; Jansen et al., 1990; Jansen and Sj0holm, 1991; Fronval and 
Jansen, 1996). Climatic variations are characterized by a strong 41 kyr obliquity frequency 
(Raymo et al., 1989; Ruddiman et al., 1989). 
Fig. 5.1: Location map for Sites 982 and 985 and other referenced site and the main surface ocean 
circulation pattern prevailing in the northern North Atlantic and Norwegian-Greenland 
Sea at present. Contour interval is 500m. 
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Thermal gradients between the Norwegian Sea and the North Atlantic can obviously be 
observed by comparing the differences in carbonate records. Differences in carbonate content 
of the sediments have often been used to distinguish the surface water masses in the 
Norwegian-Greenland Sea (Kellogg, 1975, 1976; Henrich et al, 1989; Henrich and Baumann, 
1994). High carbonate contents reflect sediments underlying the warm inflowing Atlantic 
water, whereas low carbonate contents in sediments are interpreted to reflect cold, usually ice-
covered surface water masses. The North Atlantic record is, however, generally quite 
dissimilar to that of the Norwegian-Greenland Sea (Jansen et al., 1988). Especially in the 
interval 3.1 to 1.1 Ma, strong discrepancies are reflected by low to zero carbonate deposition in 
the Norwegian Sea compared with highly fluctuating but continuous carbonate deposition in 
the North Atlantic. Previous works (Jansen et al., 1988, 1989; Henrich, 1989) tried to explain 
these differences in carbonate sedimentation as a result of low carbonate productivity and 
flux, combined with increased bottom water pCC>2 resulting from decreased deepwater 
ventilation rates in the Norwegian Sea, whereas in the North Atlantic, carbonate distribution 
primarily is controlled by dilution by IRD during glacials. Here, cold extremes are most 
analogous to interglaciations (substage 5d) whereas many warm extremes had more ice and/or 
probably colder surface water temperatures than are observed today (Raymo, 1992). Thus, 
except for some low-carbonate spikes during extreme glacial episodes, most of the sediment is 
of high carbonate content. Henrich and Baumann (1994) and Baumann et al. (1996) proposed 
at least some phases of warmer Atlantic water intrusions into the Norwegian Sea between 1.65 
and 1.3 Ma, although stronger influence of warmer surface waters should be restricted to the 
easternmost Norwegian Sea. They observed relatively high-amplitudes in the percent of 
biogenic carbonate and in the abundance of warm-adapted species that indicate the short-term 
presence of relatively warm surface waters. In addition, the nannoplankton and foraminifer 
assemblages are characterized by well-preserved species during climatic optima between 1.65 
and 1.3 Ma. 
At about 1 Ma, a major shift toward more extensive glaciations of longer duration and 
warmer interglacials with probably less continental ice (Ruddiman et al., 1989; Raymo, 1992; 
Berger and Jansen, 1994; Henrich and Baumann, 1994; Fronval and Jansen, 1996) is also 
reflected by the transition from carbonate-free/-poor to carbonate-bearing sediments in the 
Norwegian Sea. In general, interglacials are associated with the enhanced influx of Atlantic 
surface water to the Norwegian-Greenland Sea. Thus, high carbonate contents covaried with 
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warm stages in the interglacial-glacial cycles in both the Norwegian-Greenland Sea and the 
North Atlantic. 
In this paper, we present medium- to high-resolution records of bulk carbonate content, 
calcareous plankton assemblages (planktonic foraminifers and coccolithophores) as well as 
sedimentological proxy data. Continuous recovery and comparable sedimentation rates of 
Pliocene/Pleistocene sediments provided the opportunity for a comparison of the records of 
Sites 982 and 985. We investigated both sites to reconstruct the interactions between the 
Norwegian Sea and the North Atlantic over the last 3 million years. Our main objectives were 
to reconstruct the history of mid-term evolution of the Northern Hemisphere climate as well as 
the exchange of surface water masses between the North Atlantic and the Norwegian Sea 
across the Iceland-Faeroe Ridge. 
5.3. MATERIAL AND METHODS 
Samples were collected from the composite sections of Leg 162 Sites 982 and 985 (see 
Jansen, Raymo, Blum, et al., 1996). Site 982 is located in the North Atlantic on the Rockall 
Plateau (57°31'N, 15°52'W) in a water depth of 1134 m and Site 985 was drilled in the 
Norwegian Sea on the western slope of the Iceland Plateau into the Norway Basin (66°56.5'N, 
6°27'W) at 2788 m water depth (Fig. 5.1). The sedimentation rate at both sites varied between 
1.5 to 3 cm/k.y. (Jansen, Raymo, Blum, et al., 1996). Samples were usually taken every 10- to 
20-cm depth interval for bulk calcium carbonate measurements and at 20- to 30-cm depth 
intervals for faunal, floral, and sedimentological analysis. The stratigraphic resolution of these 
samples is relatively similar between the sites, usually between 3000 and 6000 yr for bulk 
carbonate measurements and about 10,000-15,000 yr for faunal, floral, and sedimentological 
data. 
A LECO CS-125 infrared analyzer was used to determine calcium carbonate contents. This 
device measures only total carbon (TC) contents. In a subsequent analysis, the samples were 
therefore treated with hydrochloric acid to allow the determination of total organic carbon 
(TOC) content. The bulk carbonate content can be calculated from the weight percentage of 
the bulk sediment with the following equation: CaC03 % = (TC % - TOC %) * 8.33. 
For the studies of the coarse fraction (planktonic foraminifers, IRD = all lithogenic particles, 
as well as all other biogenic and volcanic components) the samples were freeze-dried using a 
FINN-AQUA (lyvotac GT2). Part of the freeze-dried sample was weighed and then washed on 
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a 63-um sieve and further separated into 63 - 125, 125 - 500, 500 - 1000, and >1000-um 
fractions using a ATM-SONIC-Sifter. The 125 - 500 urn fraction was chosen for particle count 
procedure. A split of 300 to 1000 grains, depending on the amount of biogenic particles, was 
separated with a microsplitter and counted for biogenic and terrigenous components. Total 
foraminifer abundances and IRD data were converted to numbers per gram dry weight 
sediment. In this study, only numbers of total planktonic foraminifers and abundances of 
subpolar species, which mainly consists of N. pachyderma dex., Globigerina bulloides, 
Turborotalita quinqueloba, and species of Globigerinita and Globorotalia , are presented. 
Coccolith species were counted under the scanning electron microscope (SEM). For 
preparation, a combined dilution/filtering technique as described by Andruleit (1996) was 
used. A small amount of sediment was weighed and brought into suspension. After dilution 
with a rotary splitter the suspension was filtered through polycarbonate membrane filters 
(Schleicher & Schuell, 50-mm diameter, 0.4-um pore size). A monolayer of all sediment 
particles was produced for investigation under the SEM. All coccoliths were recorded in 
numbers per gram dry sediment. Here, only numbers of total coccoliths as well as abundances 
of the cold-water-adapted species Coccolithus pelagicus (Wallich) Schiller are shown. 
Subsequently, numbers and abundances of all species will be presented elsewhere. 
5.4. STRATIGRAPHY 
The stratigraphic framework for both sites is based initially on magnetostratigraphy from 
the Leg 162 IR volume (Jansen, Raymo, Blum, et al., 1996). Refining of the time scale of the 
Brunhes Chron was possible for Site 985 (Fig. 5.2). We cross-correlated the typical shape 
patterns of the carbonate record to that of ODP Site 643 from the V0ring Plateau and to that of 
ODP Site 907 from the Iceland Plateau. The carbonate data and the oxygen isotope data from 
Site 643 are from Henrich and Baumann (1994), whereas the ages for Site 643 are from 
Fronval and Jansen (1996) and T. Fronval (pers. comm., 1997). Carbonate of Site 907 is from 
Baumann et al. (1996), while oxygen isotope stratigraphy is from Fronval and Jansen (1996). 
Oxygen isotope stages 1 to 15 and, thus, age interpretations could relatively easily be 
determined and correlated at all of these sites. An almost carbonate-barren interval from 16.2 
to about 22.0 mcd (meters composite depth) in Site 985 (Fig. 5.2) was described as a disturbed 
interval or slumping in the initial core descriptions (see Jansen, Raymo, Blum, et al., 1996). 
Therefore, this interval was regarded as strongly extended either by drilling effects or by 
slumping. The following carbonate peaks in the depth interval from 24 to 26 mcd yet are 
placed in the Brunhes. 
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Fig. 5.2 Carbonate records from Sites 643, 907, and 985 and 8180 records from Sites 643 and 907 
plotted to corrected sub-bottom depth (Sites 643, 907) or to composite sub-bottom depth 
(Site 985). The carbonate data and §180 data of Site 643 are from Henrich and Baumann 
(1994), whereas the ages for Site 643 are from Fronval and Jansen (1996) and Fronval 
(pers. comm., 1997). Carbonate for Site 907 is from Baumann et al. (1996), and the 8l80 
data and age interpretations are from Fronval and Jansen (1996). Typical shape patterns for 
the Site 985 carbonate record are cross-correlated to those for Sites 643 and 907. 
For Site 982 an excellent high-resolution carbonate record provided the opportunity to 
create a time scale by the application of the orbital-tuning technique first proposed by Imbrie 
et al. (1984). For the tuning target, the summer insolation at 65°N (Berger, 1978) was used. We 
tuned the unfiltered carbonate record under the assumption that high carbonate contents are 
closely related to high summer insolation (Shackleton et al., 1995). The mentioned tuning 
operations as well as the correlations between the sites were performed with ANALYSERIES 
(Paillard et al., 1996). 
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5.5. RESULTS 
5.5.7. Site 982 
The carbonate contents at Site 982 vary strongly between 15 and 95 wt% (Fig. 5.3). The 
deepest section studied is characterized by continuously high contents of carbonate with 
maximum values exceeding 90 wt%; only three minor excursions to lower values < 55 wt% 
appear at 52.3, 59.5 and 62.9 mcd. Relatively high numbers of coccoliths display the general 
trend of the carbonate contents. In contrast to these high carbonate concentrations, rather low 
numbers of planktonic foraminifers, which are dominated by subpolar species, are observed in 
the depth interval of > 60 mcd to 52.3 mcd (Fig. 5.3). The first input of IRD appears at about 
59.5 mcd, as also indicated by a first noticeable peak of the >500-um fraction (Fig. 5.4), that 
consists exclusively of large rock fragments. Maxima with relatively high amounts of IRD are 
present until 38.6 mcd. 
A significant change appears at about 55.0 mcd. Relatively high amplitude and high 
frequency fluctuations of the carbonate record are observed. The carbonate contents range 
from 15 to 90 wt% accompanied by varying numbers of planktonic foraminifers. A general 
trend to higher numbers of planktonic foraminifers is observed from 55 to 42 mcd. This 
tendency is also reflected by increasing percentages of the 125 - 500-um fraction (Fig. 5.4). 
The total number of coccoliths is relatively low, but dominated by high percentages of the 
cold-water-adapted species Coccolithus pelagicus in the depth interval 52.8 to 39.3 mcd. A 
short interval with intensified frequencies and amplitudes of carbonate contents varying 
between 15 and 90 wt% at 40.5 to 38.5 mcd marks the next sedimentary transition. This 
interval is accompanied by high amounts of IRD and an abrupt change in planktonic 
foraminifer composition. Strongly decreasing percentages of subpolar planktonic foraminifers 
indicate the appearance of the polar species Neogloboquadrina pachyderma sin. (Fig. 5.3). 
This obvious change persists the following 8 mcd. 
Carbonate contents fluctuate strongly from 38.5 to 16 mcd. Remarkable is the two-step 
decrease of minimum carbonate contents at about 24 mcd. In addition, in the section from 
40.5 to 32 mcd the total numbers of coccoliths reach values of up to 40,000x10° per gram 
sediment with low but significant percentages of C. pelagicus. At 32 mcd a short peak of 
again-high percentages of subpolar planktonic foraminifer species leads to a short phase in 
which subpolar species again dominate the assemblage at more than 90% whereas the total 
number of planktonic foraminifers and also coccoliths decreases (Fig. 5.3). 
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Fig. 5.3: Carbonate, bulk faunal and floral data, and IRD counts for Site 982 plotted to composite 
sub-bottom depth. Magnetic polarity scale and ages of magnetic reversals are indicated. 
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Fig. 5.4: Grain-size data for Site 982 plotted to composite sub-bottom depth. Magnetic polarity scale 
and ages of magnetic reversals are indicated. 
This phase ends abruptly at 29 mcd, where high percentages of polar planktonic 
foraminifers appear again and the total number of planktonic foraminifers increases to 
maximum values of more than 60,000 individuals per gram (Ind/gram). At 26 mcd the amount 
of benthic foraminifers decreases suddenly. The subpolar planktonic foraminifer percentage 
curve generally follows the pattern of the strongly fluctuating carbonate record. The total 
number of coccoliths increases significantly at 29 mcd. 
A remarkable change in the structure of the carbonate record is obvious at the last 16 mcd 
of the record (Fig. 5.3). Depressed frequency and increased amplitude are characteristic for the 
carbonate record and also for the record of the subpolar planktonic foraminifer percentage. 
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The curve of the total number of planktonic foraminifers does not seem to follow a regular 
pattern. There is apparently no correlation between the total number of foraminifers and the 
carbonate record. This effect is not present for the total abundance of coccoliths. Coccolith 
peaks match the major carbonate peaks. The highest total numbers of coccoliths can be 
observed at 2.5 mcd with more than 90,000x106 coccoliths per gram sediment. The highest 
amounts of IRD, with up to 18,000 grains/gram, were also counted in this last section. 
5.5.2. Site 985 
From high carbonate contents ranging from 10 to 50 wt% and corresponding high contents 
of coccoliths from 90 to 85 mcd, the total carbonate sedimentation decreases sharply to almost 
zero. Little to no carbonate was deposited in the interval from 85 to 65 mcd (Fig. 5.5). 
Carbonate contents vary between 0 and 2.6 wt%, and only one isolated peak at 70.5 mcd 
reaches 23.6 wt%. Long carbonate-barren sections are predominant, with sporadic low values 
of total planktonic foraminifers below 5 individuals per gram observed. The first input of IRD 
occurs in this section at 83.5 mcd. Following the high percentages of the 63 - 125- and the 125 
- 500-um fraction at 83 to 81 mcd, the grain-size distribution is characterized by high 
percentages of the <63-um fraction until 49 mcd (Fig. 5.6). Carbonate contents increase 
slightly in the section from 65 to 31 mcd (Fig. 5.5). Two maxima at 54.5 mcd and 41 mcd 
reach 14 and 18 wt%, respectively. Except for these maxima carbonate values never exceed 5 
wt%. Correspondingly, two small peaks in the total amount of coccoliths are obvious. 
Coccolith assemblages are dominated by Coccolithus pelagicus. The numbers of total 
planktonic foraminifers do not exceed more than 26 individuals per gram. IRD input generally 
increases in this section. Maximum values at 35 mcd reach 16,000 grains/gram. Despite the 
low numbers of planktonic foraminifers, dominant percentages of subpolar planktonic 
foraminifers are present from 66 to 64 mcd and from 56 to 53.5 mcd. High percentages also 
occur from 39 to 34 mcd. 
The first significant amount of planktonic foraminifers is at 31 to 24 mcd, fluctuating 
between zero to maximum numbers of more than 29,000 Ind/gram (Fig. 5.5). The assemblage 
is clearly dominated by polar species. Analogously, carbonate values increase to generally 
higher values varying between 0 and 22 wt%. An almost carbonate barren interval from 22 to 
17 mcd was identified as highly disturbed or slumping in the core descriptions (Jansen, 
Raymo, Blum, et al, 1996), so we regard this interval as extremely extended. 
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Fig. 5.5: Carbonate, bulk faunal and floral data, and IRD counts for Site 985 plotted to composite 
sub-bottom depth. Magnetic polarity scale and ages of magnetic reversals are indicated. 
5. Sea-Surface gradients between the North Atlantic and the Norwegian Sea during the last 3.1 Ma 85 
Age (Ma) 
Polarity 
099 0.78 1.07 1.77 1.95 
2.58 
3.05 
3.13 
% 
£ 
a. 
o 8 
S 
a. 
if) 
v 
40 50 
Depth (mcd) 
90 
Fig. 5.6: Grain-size data for Site 985 plotted to composite sub-bottom depth. Magnetic polarity 
scale and ages of magnetic reversals are indicated. 
The last section is characterized by strongly fluctuating carbonate contents as well as 
strongly varying amounts of planktonic foraminifers and coccoliths. Highest values of 
carbonate occur to more than 60 wt%. The highest numbers of planktonic foraminifers are up 
to 50,000 Ind/gram and highest numbers of coccoliths are up to 13,000x10/g sediment. 
Benthic foraminifers also reach higher numbers, with more than 1000 Ind/gram. Percentages 
of subpolar species coincide with the varying carbonate and total planktonic foraminifer 
records, whereas the generally high IRD input fluctuates anticyclically with the carbonate 
measurements. 
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5.6. DISCUSSION 
5.6.1. Onset of the Major Northern Hemisphere Glaciation 
A comparison of the records plotted to age for the Norwegian Sea and the North Atlantic 
sites is shown in Figures 5.7 through 5.9. An abrupt decrease in the carbonate contents at Site 
985 at 3.05 Ma indicates a distinct change toward severe glacial conditions, probably with a 
relatively continuous sea-ice cover. This pattern may possibly be interpreted as the 
culmination of a gradual long-term cooling trend in the Northern Hemisphere with significant 
intensification of glaciation since about 6 Ma (Jansen and Sj0holm, 1991; Larsen et al., 1994; 
Fronval and Jansen, 1996). The intensification of the glacial regime occurred almost 
synchronously in the Iceland Sea (Baumann et al., 1996; Fronval and Jansen, 1996) and 
possibly documents the influence of an earlier excisting and/or larger Greenland ice sheet. 
However, >125-um IRD at Site 985 occur only in relatively small quantities until about 2.5 Ma 
(and subsequently), although it forms nearly 100% of this size fraction and the amount of silt-
sized particles is >90% throughout most of this interval (Figs. 5.7, 5.9). This may have 
resulted from weak ice rafting and little continental erosion. The major onset of the 
Scandinavian glaciation occurred somewhat later in comparison with the Greenland ice sheet. 
The V0ring Plateau, which is strongly influenced by the Norwegian Current, initially shows a 
significant increase in IRD input at 2.75 to 2.6 Ma (Jansen et al., 1988; Henrich et al., 1989; 
Wolf and Thiede, 1991). Correspondingly, a sudden and strong decrease in carbonate contents 
at the V0ring Plateau also occurred at about 2.75 Ma (Baumann et al., 1996). 
In comparison, indications of the increased glaciation do not occur in the North Atlantic 
until 2.8 Ma, when a first and significant increase in IRD occurred (Fig. 5.7). The North 
Atlantic Drift probably have turned straight eastward without entering the Norwegian Sea, but 
heat flux transport to the Rockall Plateau area was not reduced. Besides, between 2.8 and 2.5 
Ma, glacial intervals became progressively more drastic as reflected by short but drastic 
decreases in carbonate contents and numbers of coccoliths (Figs. 5.7, 5.8). These findings are 
in good accordance with results of isotope and IRD studies of the North Atlantic (Shackleton 
et al., 1984; Shackleton and Hall, 1984; Keigwin, 1986; Jansen et al., 1988; Raymo et al., 1989; 
Raymo, 1994). There is strong evidence for this progressive cooling from the increase in the 
percentage of cooler-living planktonic foraminifers (Loubere and Moss, 1986). Also, Backman 
et al. (1986) and Backman and Pestiaux (1986) reported both marked variability of 
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warm-adapted discoaster abundances and significantly decreasing accumulation rates of 
discoasters in Deep Sea Drilling Project (DSDP) Hole 552A before 2.5 Ma. Sea-surface 
temperature estimates, however, are not easy to reconstruct, because the assemblages are not 
completely analogous to modern faunas (Ruddiman and Raymo, 1988). 
In addition, the carbonate curve from Site 982 looks pretty similar to those of Sites 552A, 
607, and 609 (Shackleton et al., 1984; Raymo et al., 1989; Ruddiman et al., 1989). In 
especially, the high values in the late Gauss interrupted by small carbonate minima, which are 
caused by IRD input, can be well-correlated between the sites. These short-termed carbonate 
decreases are not well-documented at Sites 552A and 609, probably because significant 
amounts of sediment are missing at core breaks at these sites (Raymo et al., 1989). Correlation 
is thus best to Site 607 as well as in the Pleistocene of all sites. However, these short, but 
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synchronous intervals probably reflect progressively increased glacial conditions during the 
late Gauss. 
The causes of the initiation and the intensification of the Northern Hemisphere glaciation 
remain essentially unresolved. This is a very controversial topic and not a basic part of this 
study. A variety of causes, which include changes in orbital forcing as well as tectonic 
explanations, such as the emergence of the Panama Isthmus (e.g., Keigwin, 1982; Keller et al., 
1989) or the progressive uplift of the Tibetian-Himalayan regions (Ruddiman and Raymo, 
1988; Ruddiman et al., 1989; Ruddiman and Kutzbach, 1991) were discussed. 
5.6.2. Gradients in Sea-Surface Conditions Between 2.8 and 1.1 Ma 
In the time interval, from about 2.8 to 1.1 Ma, very low to zero carbonate production is 
suggested for the Norwegian Sea. Thus, siliciclastic fine-grained sediments (constantly >90%) 
and coarse IRD (Fig. 5.9) characterize most of the sediments of this period. Similar record 
patterns have also been found at Site 907 on the Iceland Plateau (Baumann et al , 1996; 
Fronval and Jansen, 1996), whereas the pattern at Site 644 farther east is slightly different 
(Baumann et al., 1996). Here, at least periodic intrusions of warmer waters into the 
easternmost Norwegian Sea were reported by Henrich and Baumann (1994) and Baumann et 
al. (1996). However, only sparse evidence for comparable relatively warm surface water 
intrusions can be found at Site 985. Low carbonate contents and numbers of planktonic 
foraminifers are characteristic for the whole interval. Only at 1.9 and 1.45 Ma do carbonate 
contents and the total numbers of coccoliths reach higher values. Another indication for 
Atlantic water inflow during this interval possibly comes from the IRD record. Strong 
terrigenous input is reported to be restricted to the flanks of the isotope curves, indicating that 
the occurrence of IRD displays rapid melting after warm periods (Wolf and Thiede, 1991; 
Baumann et al., 1995). High IRD contents in the period until about 1.1 Ma therefore indicate at 
least temporary open-water conditions before melting and deposition of ice-rafted material in 
the Norwegian Sea. 
In the North Atlantic, the high carbonate values of the Pliocene are relieved by highly 
fluctuating carbonate contents since 2.5 Ma and accompanied by relatively strong IRD peaks. 
Thus, the cold glacial phases had diminished surface-water productivity, but also increased 
IRD supply. In addition, especially in the interval 2.5 to 1.65 Ma colder sea-surface water 
temperatures in the North Atlantic are indicated by the coccolith assemblage. The numbers of 
total coccoliths significantly decreased after 2.5 Ma and, contemporaneously, the cold-water-
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adapted species C. pelagicus reached very high abundances. Although the occurrence of C. 
pelagicus could also be controlled by different ecological factors rather than by temperature 
alone, these findings indicate somewhat similar conditions in the surface waters of the North 
Atlantic in the interval 2.5 to 1.65 Ma compared to the sea-surface conditions in the 
Norwegian Sea during interglacials of the late Pleistocene. This holds true for both numbers of 
total coccoliths as well as relative abundances of C. pelagicus. Further evidence comes from 
biometric analyses of C. pelagicus placoliths (Baumann, 1995; Baumann and Meggers, 1996; 
own unpubl. data). Today, this species is dominant with small-sized placoliths (7-12um) in 
plankton and surface sediments of the Greenland and Iceland Seas (Samtleben et al., 1995), 
whereas large placoliths (>10um) are observed in the northern North Atlantic which probably 
indicate unfavorable life conditions for C. pelagicus (Baumann, 1995). However, during the 
interval 1.6 - 2.5 Ma small-sized placoliths of C. pelagicus were also observed in sediments of 
the northern North Atlantic and of the Labrador Sea (Baumann and Meggers, 1996). Thus, the 
preferred ecological requirements of this species seems to be stable through the Matuyama 
and Gauss. 
Colder surface water conditions in the North Atlantic significantly reduced the potential 
heat export to the Norwegian Sea. Consequently, carbonate sedimentation in the Norwegian 
Sea was extremely reduced. However, the gradient in sea-surface temperature must have been 
extremely strong, and probably no Atlantic water entered the Norwegian Sea. Hence, the 
circulation type was different to that of the present-day ocean. Jansen et al. (1988) already 
proposed a stronger thermal gradient than present caused by a more zonal circulation system 
with deflected North Atlantic surface water currents. In addition, benthic foraminifer 813C 
values (Raymo et al. 1990, 1992; Sikes et al., 1991) show a constantly present but significantly 
reduced production of northern source deep water. Reduced deepwater formation in the 
Norwegian Sea must have been coupled to decreased advection and weakened northward flow 
of Atlantic surface waters. Since the Atlantic surface waters were strongly cooled (Sikes et al., 
1991), the resulting low carbonate production in the Norwegian Sea and the persistent glacial 
conditions are not surprising. 
This interval is also characterized by consistently present IRD. Visual inspection of the 
>500-um fraction additionally shows the presence of larger dropstones between 2.4 and 2.1 
Ma. In the period from 2.5 to 2.1 Ma, Jansen et al. (1989) and Sikes et al. (1991) found 
surprisingly low-amplitude fluctuations of oxygen isotope records after the glaciation events. 
Hence, Sikes et al. (1991) concluded that the magnitude of glacial events from 2.5 to 2.1 Ma 
was no more than one-half or two-thirds of the last Pleistocene glacial. The ice volume was 
estimated to be less than one-half of Pleistocene glaciation. Despite generally low ice volume, 
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ice rafting as far as into the southern North Atlantic (as documented at Site 607 by Raymo et 
al., 1989) could be explained by surface waters that have cooled much more in response to 
Pliocene ice volume changes than in the late Pleistocene (Sikes et al., 1991). 
After about 1.65 Ma the relative IRD input to the North Atlantic decreased significantly 
(Fig. 5.9). In addition, total numbers of coccoliths increase whereas the dominance of the cold-
water-adapted C. pelagicus declines (Figs. 5.7, 5.8). Thus, a considerable warming of the 
surface waters in the North Atlantic during interglacials is indicated after 1.65 Ma. In the 
easternmost Norwegian Sea, a considerable warming occurred synchronously during short 
interglacial-like phases (Henrich and Baumann, 1994; Baumann et al., 1996). However, as 
shown by these data, the interval from 1.65 to 1.1 Ma seems to be glacial dominated north of 
the Iceland-Faeroe Ridge, which is in strong contrast to the high potential heat export of the 
North Atlantic recorded in high carbonate contents during interglacials. Jansen et al. (1988) 
and Henrich and Baumann (1994) explained low carbonate contents in the Norwegian Sea in 
this interval with dissolution as a result of low carbonate productivity and decreased deep-
water ventilation. More recent investigations at Iceland and Norwegian Sea Sites 907 and 644 
(Baumann et al, 1996) showed high carbonate contents and a relatively high abundance of 
planktonic foraminifers on the V0ring Plateau (Site 644) in contrast to significant diminished 
carbonate production in the Iceland Sea (Site 907). Such an extreme gradient could possibly 
be explained by extensive sea-ice cover and an extremely eastwards situated polar front 
between Sites 644 and 643 as earlier proposed by Henrich and Baumann (1994). On the other 
hand, ice-rafted material on the Iceland Plateau (Baumann et al. 1996) and at Site 985 reflects 
occasionally melting and thus warming. 
An explanation for these extreme south-north and east-west gradients in carbonate 
sedimentation could be given by faunal data. In the North Atlantic, N. pachyderma sin. is 
described to firstly appear 1.8 Ma ago. The observed decrease in subpolar foraminifer numbers 
at Site 982 between 1.8 and 1.2 Ma thus would indicate cooling in contrast to the previously 
shown trend to warmer surface water conditions, as reflected by coccolith assemblages. 
Raymo et al. (1986), however, showed that N. pachyderma sin. did not take on a distinct 
"cold-indicator" role in the North Atlantic until 1.7 Ma. This role was abandoned by N. 
pachyderma sin. from 1.3 to 1.2 Ma and recurred at 1.2 to l.lMa with the mid-Pleistocene 
transition (Ruddiman et al., 1986). Other authors, however, suggested that N. pachyderma sin. 
did not attain the role as a cold-water indicator before 0.9 Ma (Ruddiman et al., 1986; Jansen 
et al., 1988). Biometrical analysis of this species clearly indicated an increase in the maximum 
diameter of N. pachyderma sin. after 1.1 Ma, which is most probably related to a better 
adaptation to a polar habitat (Baumann and Meggers, 1996). Additionally, factor analysis 
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showed that N. pachyderma sin. first was a polar indicator at 1.1 Ma (Meggers, 1996; Meggers 
and Baumann, 1997). In conclusion, this might be an important reason for the little faunal 
response to a possible sea surface heat export from the North Atlantic to the Norwegian Sea, 
especially between 1.85 and 1.35 Ma. Except for the cold-water-adapted C. pelagicus, there 
was no other polar-adapted carbonate secreting species and thus only limited (coccolith) 
carbonate accumulation. 
5.6.3. Gradients in Sea-Surface Conditions During the Last 1.1 Ma 
For the last 1.1 Ma a strong reaction of the Norwegian Sea carbonate production to heat 
export from the North Atlantic is obvious roughly each 100 ka. At this time, the periodicity in 
the variation of the ice-sheet volume increased from a 41-k.y. periodicity to a 100-k.y. 
periodicity (Ruddiman et al., 1986, 1989; Raymo, 1992; Imbrie et al., 1993; Berger and Jansen, 
1994). The gradient between the two observed sites, however, is strong. A comparison of the 
carbonate maxima of the two sites shows differences of 30 to 55 wt%. 
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Fig. 5.10: Relationship between carbonate record and subpolar foraminifer abundances in the 
interval 0 - 0.65 Ma and 0.65-1.8 Ma. 
North Atlantic carbonate records are strongly influenced by varying productivity and IRD 
dilution (Ruddiman et al., 1986; Raymo et al., 1989), caused by ice sheet control on sea-
surface temperature. High carbonate productivity fluctuations in the Norwegian Sea were 
probably caused by variations in the intensity and extension of warm Atlantic water inflow 
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(Henrich, 1989). In general a somehow synchronous development of carbonate sedimentation 
between the Norwegian Sea and the North Atlantic can be observed during the last 1.1 Ma, 
which became more pronounced during the last 0.65 Ma. Strong gradients in surface-water 
temperatures existed, however, reflected by much lower carbonate contents and lower 
percentages of subpolar planktonic foraminifer species at Site 985 compared with Site 982. 
A striking difference between the Norwegian Sea and the North Atlantic sites can also be 
observed in the composition of the planktonic foraminifer assemblages. In Site 985 the total 
abundance of planktonic foraminifers generally mirrors the shape of the carbonate record, 
whereas this does not happen in Site 982 (Fig. 5.10). This difference may be explained by the 
fact that the cold-water adapted N. pachyderma sin. contributes with up to 80% to the total 
planktonic foraminifer assemblage in the North Atlantic during glacials. As a result high 
numbers of planktonic foraminifers appear in glacials as well as in interglacials, whereas in the 
Norwegian Sea planktonic foraminifers reach high numbers only during interglacials. High 
abundances of polar foraminifers in the North Atlantic, however, should be restricted to 
glacials, where they found optimal environmental conditions. This is partly confirmed by the 
strong relationship between the carbonate record and subpolar foraminifer abundance in the 
youngest section until 0.65 Ma, when a highly significant correlation (r2 = 0.62) occurs (Fig. 
5.10). In contrast, in the interval older than 0.6 Ma this relationship is strongly weakened and 
the correlation coefficient is close to zero (r2 = 0.001). This also supports the previously 
discussed ecological meaning of N. pachyderma sin., which did not have a clear cold-water 
preference and cannot be considered as a polar-adapted species prior to about 0.65 - 0.8 Ma. 
In addition, these data confirm the general conclusion of Meggers and Baumann (1997) that a 
change in the life habitat of N. pachyderma sin. occurred. The optimum adaptation of the 
species to the polar environment, however, seems to have happened after about 1.1 Ma. As 
indicated by regression analysis, N. pachyderma sin. reached it's optimum adaptation at about 
0.65 Ma. 
During the past 0.65 Ma, highest amplitude oscillations in biogenic carbonate records can 
be seen in the Norwegian Sea. This indicates that short but warm interglacials with probably 
intensive deep-water formation occurred between relatively long-lasting glacials characterized 
by high inputs of IRD. It is known that the rates of ice decay are clearly faster than the rates of 
ice growth during the last 0.65 Ma (Ruddiman et al., 1986; Raymo, 1992). Significant Atlantic 
water intrusions especially during interglacials reached far up into the Fram Strait (Baumann et 
al., 1996; Hevr0y et al., 1996). Hence, the surface circulation pattern probably occurred only 
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with minor variations during the interglacials of the late Pleistocene. In addition, planktonic 
isotope data document that glacial periods became colder and more pronounced (Fronval and 
Jansen, 1996). Carbonate preservation further improved, during both glacials and interglacials 
(Henrich and Baumann, 1994). Hence, continuous formation of North Atlantic Deep Water 
(NADW) may have occurred also during glacials; a major precondition is sufficient salt supply 
by temperate Atlantic surface water intrusions (e.g., Hebbeln et al., 1994). 
5.7. CONCLUSIONS 
In general, carbonate sedimentation in the Norwegian Sea is closely related to heat export 
from the North Atlantic. However, a strong front between the North Atlantic and the 
Norwegian Sea was present throughout most of the last 3.1 Ma. Thus, the circulation type was 
different from that of the late Pleistocene interglacials, without extending into the Norwegian 
Sea. 
The onset of major Northern Hemisphere glaciation was time-transgressive between the 
studied sites. In the North Atlantic, a first drop in carbonate coeval with an increase in IRD 
was observed at 2.8 Ma, although the interval since about 2.5 Ma ago was dominated by 
carbonate sedimentation. In contrast, at Site 985 glacial conditions probably with 
discontinuous sea-ice cover occurred as early as 3.05 Ma and lasted until about 1.1 Ma. 
At Site 982, the long-term cooling culminated at 2.5 Ma, leading to a more glacial 
dominated period until 1.65 Ma. In this interval heat export from the North Atlantic to the 
Norwegian Sea is possibly restricted by cold surface temperatures of the North Atlantic. 
Increased northward penetrations of relatively warm Atlantic water to the Norwegian Sea were 
restricted to short phases at about 1.9 and 1.4 Ma. 
A considerable warming of the surface waters in the North Atlantic during interglacials is 
indicated after 1.65 Ma, whereas sediments of the Norwegian Sea indicate that this region 
remains glacial dominated. The faunal response to sea-surface heat import from the North 
Atlantic was weak and, thus, only limited production of carbonate was possible. A stepwise 
adaptation of N. pachyderma sin. to the polar environment from 1.1 to 0.65 Ma increased 
carbonate production. The optimum adaptation of N. pachyderma sin. after 0.65 Ma leads to 
enhanced carbonate production reflecting the intensity of heat import from the North Atlantic, 
especially during interglacials 
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6. CONCLUSIONS 
Census data, derived from the >150-um as well as on the 125-500-um fraction, have been 
compared in order to test the compatibility between these two methods. Despite IRD data 
show some differences in detail it could be shown that a generally good comparability 
between the two methods exists. Planktonic foraminifer census data are in good agreement 
between the two methods, but an underestimation of subpolar planktonic foraminifers could 
be proven for the >150um counts. 
Carbonate dissolution investigations on surface sediments showed that along the inflow of 
warm Atlantic surface water very good carbonate preservation can be observed. Higher 
dissolution can be found along the continental margins and in the deepest parts of the 
Greenland Basin. Recent carbonate dissolution could be shown to be mostly of 
supralysoclinal type in the Norwegian Greenland Sea. Corrosive deep-water properties are 
only responsible for carbonate dissolution in the deepest parts of the basins. 
Enhanced dissolution in the Norwegian-Greenland Sea during the late Matuyama probably 
was favored by low carbonate shell production of the not yet polar adapted N. pachyderma 
sin, and a more eastwards located polar front system. High carbonate dissolution indices 
resulted from low carbonate productivity and consequently high rain-rates. However, also 
reduced deepwater formation has to be taken into account, as indicated by some extreme 
dissolution events during the late Matuyama. 
During the Brunhes chron, dissolution strongly decreases in the Norwegian-Greenland Sea. 
However, the sediment records show some distinct peaks of extreme dissolution which can be 
related to meltwater pulses which inhibited deepwater formation during deglaciation events. 
The evolutionary adaptation of N. pachyderma sin. to the polar, cold water habitat is of 
central importance in this thesis. In the Norwegian Greenland Sea a distinct trend to increased 
shell size ofN. pachyderma sin. during the last 1.3 Ma could be observed and is regarded to 
mirror the evolutionary adaptation to the cold water environment since 1.1-1.0 Ma. The Mid 
Pleistocene climate shift probably triggered the evolution of this planktonic foraminifer. 
The concept of an evolutionary adaptation of N. pachyderma sin. can help to explain the 
carbonate poor intervals in the Norwegian-Greenland Sea: there was no other polar adapted, 
carbonate secreting polar species before 1.1 Ma. In addition, this finding implies that in high 
latitudes reconstructions of surface water conditions, based on planktonic foraminifer 
assemblages older than 1.1-1.0 Myrs, could be misleading. 
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Heat export from the North Atlantic to the Norwegian Sea is monitored by carbonate 
sedimentation in the Norwegian Sea. Throughout the most of the last 3.1 Ma a strong thermal 
front between the North Atlantic and the Norwegian Sea was present, arguing for a different 
circulation type than in late Pleistocene interglacials. 
The onset of the northern Hemisphere Glaciation appeared time transgressive between the 
Norwegian Sea, where first indications for cooling were determined at 3.05 Ma, and the North 
Atlantic, where a first cooling step could be detected at 2.8 Ma. In the North Atlantic, the 
climax of the northern Hemisphere Glaciation could be observed at 2.5 Ma, leading to a glacial 
dominated period until 1.65 Ma. Cold surface water temperatures in the North Atlantic 
inhibited heat transfer to the Norwegian Sea in this period. Some northward penetrations of 
Atlantic water into the Norwegian Sea could be proven during short phases at 1.9 and 1.4 Ma. 
After 1.65 Ma a considerable warming of the surface waters in the North Atlantic during 
interglacials could be shown. However, carbonate-poor sediments of the Norwegian Sea 
indicate that this region remains rather glacial dominated. Probably due to the absence of the 
not yet cold water adapted planktonic foraminifer Neogloboquadrina pachyderma sin 
carbonate shell production as a response to heat import in the Norwegian Sea was reduced. 
6.1. PERSPECTIVES 
ODP Legs 104, 105, 151 and 162 provided the scientific community with a rich blend of 
proxy data. The data were compiled to investigate various formulations of problems 
concerning the paleoceanography of the northern North Atlantic. Especially, large data sets 
from well-planned locations in the Norwegian-Greenland Sea now enable us to examine the 
temporal development of past oceanography in a spatial context. Therefore, a four-
dimensional, coordinated synthesis of stratigraphically corrected results of all sites and would 
be an attainable goal for the future. This should include the integration and combination of 
surface, intermediate and bottom water proxies for the reconstructions of past oceanography. 
The planktonic foraminifer N. pachyderma sin. occurs in both hemispheres and all major 
oceans. In this thesis, it was shown that N. pachyderma sin. evolutionary adapted to the cold 
water habitat. However, many open questions exist about the reasons for this adaptation. 
Recently ongoing culturing experiments (von Langen et al., 1998) investigate the biology of 
this species. In this context, it would be most desirable to obtain a higher density of sediment 
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trap and plankton tow studies for the biological investigation of this species. Biological 
background knowledge is unrenounceable for the clarification of the simple-seeming question 
why this species is cold water adapted and others aren't and thus, fundamental for the 
explanation of the observed evolutionary tendency. 
Other interesting findings were presented by recent genetic investigations (Darling et al., 
1998, Steward et al., 1998) on planktonic foraminifera. The authors revealed a surprising 
genetic comparability between populations of N. pachyderma sin. from the southern and 
northern hemisphere. Therefore, morphometric measurements on individuals from sediment 
cores from the southern hemisphere are necessary to clarify if a globally detectable evolution 
of this species happened in the past. 
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APPENDIX 
Tab. A: Summary of statistically significant morphometric data: Number of measurements 
(n); Mean of maximum shell diameters per sample (Mean); Median of maximum shell 
diameter per sample (Median); smallest measured individual per sample (Min.); largest 
measured individual per sample (Max); Standard deviation of mean (Std. dev.); Standard error 
of mean (Std. Err.). Samples indicated by an asterix were measured by the author. 
Site 
644 
644 
644 
*644 
644 
644 
644 
*644 
*644 
*644 
644 
644 
644 
644 
644 
644 
644 
644 
*644 
644 
644 
644 
*644 
644 
644 
644 
644 
644 
644 
644 
644 
644 
644 
643 
643 
643 
643 
643 
643 
643 
*643 
Age 
(Ma) 
0.016 
0.048 
0.058 
0.083 
0.109 
0.129 
0.134 
0.182 
0.200 
0.245 
0.272 
0.329 
0.379 
0.432 
0.441 
0.519 
0.575 
0.602 
0.653 
0.676 
0.760 
0.813 
0.860 
0.884 
0.920 
0.970 
0.993 
1.016 
1.087 
1.129 
1.187 
1.219 
1.259 
0.005 
0.041 
0.086 
0.130 
0.147 
0.153 
0.191 
0.220 
n 
29 
26 
30 
33 
30 
23 
35 
35 
29 
35 
31 
35 
35 
34 
26 
23 
30 
35 
36 
22 
30 
24 
34 
32 
32 
20 
31 
26 
28 
29 
35 
35 
23 
27 
36 
34 
33 
30 
35 
32 
38 
Mean 
270.3 
262.8 
251.8 
266.2 
235.7 
241.1 
276.8 
282.2 
260.3 
266.5 
219.7 
240.9 
253.2 
222.1 
205.9 
213.8 
213.7 
206.8 
232.3 
204.4 
214.0 
210.5 
216.9 
240.2 
252.8 
198.8 
224.4 
198.1 
205.2 
205.0 
184.8 
198.6 
199.8 
255.2 
272.2 
261.9 
256.0 
288.1 
281.6 
287.6 
291.4 
Median 
265.2 
261.6 
250.7 
276.1 
237.1 
245.2 
281.6 
288.8 
250.7 
267.0 
218.0 
238.0 
243.4 
222.6 
208.9 
219.8 
208.9 
207.1 
232.5 
204.4 
204.4 
207.1 
217.1 
240.7 
253.4 
190.7 
225.2 
193.5 
204.4 
203.4 
181.6 
194.4 
196.2 
267.0 
277.0 
257.9 
254.3 
293.4 
283.4 
296.1 
290.6 
Min 
216.2 
179.8 
198.0 
187.1 
167.1 
181.6 
190.7 
194.4 
196.2 
194.4 
154.4 
168.9 
192.5 
170.7 
152.6 
154.4 
156.2 
158.0 
160.0 
156.2 
174.4 
167.1 
150.7 
167.1 
163.5 
165.3 
168.9 
159.8 
163.5 
152.6 
150.7 
150.7 
167.1 
181.6 
178.0 
179.8 
196.2 
198.0 
216.2 
236.1 
192.5 
Max 
350.6 
341.5 
327.0 
334.3 
327.0 
319.7 
348.8 
359.7 
337.9 
337.9 
268.8 
319.7 
334.3 
281.6 
272.5 
267.0 
259.8 
274.3 
287.0 
247.0 
296.1 
268.8 
288.9 
332.4 
325.2 
303.4 
277.9 
267.0 
245.2 
292.5 
232.5 
288.8 
256.1 
337.9 
357.9 
334.3 
323.4 
341.5 
374.2 
332.4 
368.8 
Std. 
Dev. 
33.1 
45.5 
29.8 
37.6 
39.5 
40.8 
38.0 
42.8 
36.7 
37.6 
29.1 
34.7 
32.5 
29.0 
29.5 
27.8 
28.6 
27.5 
30.5 
28.5 
28.9 
32.3 
37.6 
36.2 
35.9 
32.7 
29.9 
29.2 
22.7 
27.6 
22.5 
30.5 
21.9 
42.3 
38.9 
40.6 
29.7 
31.8 
40.9 
30.2 
42.6 
Std. 
Err. 
6.1 
8.9 
5.4 
6.6 
7.2 
8.5 
6.4 
7.2 
6.8 
6.4 
5.2 
5.9 
5.5 
5.0 
5.8 
5.8 
5.2 
4.6 
5.1 
6.1 
5.3 
6.6 
6.5 
6.4 
6.3 
7.3 
5.4 
5.7 
4.3 
5.1 
3.8 
5.2 
4.6 
8.1 
6.5 
7.0 
5.2 
5.8 
6.9 
5.3 
6.9 
Site 
643 
643 
*643 
*643 
*643 
*643 
643 
643 
643 
643 
*643 
*643 
643 
643 
643 
643 
643 
643 
643 
643 
*643 
*643 
643 
643 
643 
643 
643 
643 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
Age 
(Ma) 
0.235 
0.249 
0.274 
0.303 
0.338 
0.348 
0.386 
0.421 
0.455 
0.487 
0.504 
0.545 
0.585 
0.628 
0.662 
0.693 
0.703 
0.731 
0.759 
0.778 
0.822 
0.862 
0.874 
0.938 
1.020 
1.113 
1.166 
1.209 
0.005 
0.033 
0.052 
0.064 
0.083 
0.094 
0.119 
0.148 
0.182 
0.213 
0.234 
0.265 
0.295 
n 
37 
29 
39 
38 
29 
30 
24 
36 
33 
31 
37 
38 
30 
26 
36 
32 
28 
34 
36 
31 
36 
28 
27 
36 
34 
27 
32 
34 
40 
40 
39 
40 
40 
40 
15 
16 
40 
40 
40 
35 
40 
Mean 
287.8 
247.2 
249.8 
262.0 
267.8 
248.6 
237.1 
210.6 
227.7 
252.3 
258.4 
236.6 
235.3 
216.1 
219.8 
236.1 
208.5 
210.8 
211.1 
228.3 
220.1 
219.4 
237.0 
215.8 
198.2 
213.7 
192.1 
199.7 
258.7 
283.7 
263.8 
270.8 
277.1 
254.7 
264.2 
270.8 
300.5 
282.8 
288.9 
284.1 
245.9 
Median 
285.2 
248.9 
256.1 
259.8 
265.2 
235.2 
235.2 
204.4 
218.0 
250.7 
254.3 
234.3 
242.5 
222.6 
220.7 
234.3 
206.2 
212.5 
209.8 
234.3 
214.3 
217.1 
243.4 
218.9 
198.0 
208.9 
192.5 
192.5 
253.4 
279.8 
265.2 
260.7 
273.4 
259.8 
272.5 
267.1 
298.8 
285.2 
285.2 
287.0 
244.3 
Min 
241.6 
165.3 
156.2 
179.8 
187.1 
174.4 
152.6 
150.7 
167.1 
163.5 
161.2 
167.1 
172.6 
170.7 
167.1 
167.1 
167.1 
150.7 
152.6 
158.0 
159.8 
165.3 
179.8 
158.0 
163.5 
165.3 
158.0 
158.0 
176.2 
192.5 
192.5 
190.7 
210.7 
168.9 
154.4 
172.6 
241.6 
190.2 
232.5 
232.5 
176.2 
Max 
348.8 
323.4 
357.9 
336.1 
379.7 
345.2 
312.5 
328.8 
294.3 
325.2 
367.0 
323.4 
287.0 
261.6 
297.9 
294.3 
261.6 
268.8 
277.9 
272.5 
336.1 
294.3 
305.2 
265.2 
254.3 
277.9 
234.3 
267.0 
326.1 
357.9 
312.5 
357.9 
361.5 
379.7 
323.4 
383.3 
374.2 
363.3 
374.2 
328.8 
348.8 
Std. 
Dev. 
25.8 
43.5 
50.8 
35.6 
41.3 
45.2 
44.8 
33.4 
35.5 
38.1 
45.2 
41.6 
27.8 
31.2 
32.2 
33.0 
26.7 
29.7 
29.3 
33.8 
41.2 
33.0 
33.6 
28.8 
22.1 
33.8 
20.5 
27.5 
33.5 
38.7 
26.2 
38.7 
37.3 
44.0 
41.9 
57.3 
35.0 
36.7 
26.7 
24.7 
40.6 
Std. 
Err. 
4.2 
8.1 
8.1 
5.8 
7.7 
8.3 
9.1 
5.6 
6.2 
6.8 
7.4 
6.7 
5.1 
6.1 
5.4 
5.8 
5.0 
5.1 
4.9 
6.1 
6.9 
6.2 
6.5 
4.8 
3.8 
6.5 
3.6 
4.7 
5.3 
6.1 
4.2 
6.1 
5.9 
7.0 
10.8 
14.3 
5.5 
5.8 
4.2 
4.2 
6.4 
Site 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
*985 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
Age 
(Ma) 
0.324 
0.337 
0.367 
0.387 
0.404 
0.426 
0.433 
0.455 
0.469 
0.483 
0.549 
0.557 
0.572 
0.582 
0.592 
0.594 
0.600 
0.608 
0.620 
0.670 
0.690 
0.704 
0.739 
0.759 
0.774 
0.791 
0.803 
0.814 
0.832 
0.876 
0.900 
0.981 
1.026 
1.063 
1.073 
1.100 
1.133 
1.175 
1.226 
0.003 
0.011 
0.021 
0.031 
0.034 
0.057 
0.079 
0.092 
0.118 
0.124 
0.136 
n 
37 
20 
40 
35 
31 
15 
16 
36 
35 
40 
40 
35 
40 
10 
37 
21 
32 
13 
35 
35 
27 
40 
40 
33 
40 
35 
31 
28 
41 
33 
35 
37 
19 
40 
35 
30 
29 
14 
14 
33 
32 
34 
34 
31 
33 
28 
30 
36 
32 
30 
Mean 
241.3 
290.0 
272.4 
256.7 
217.7 
269.8 
211.0 
210.0 
216.2 
247.5 
240.9 
235.3 
244.7 
201.5 
216.1 
197.0 
215.2 
202.7 
210.1 
246.6 
251.9 
231.7 
233.5 
247.1 
232.3 
243.1 
232.4 
221.4 
217.9 
179.0 
219.9 
210.0 
218.0 
218.5 
221.5 
214.0 
202.7 
212.0 
235.5 
233.5 
242.8 
249.5 
263.2 
263.5 
256.0 
255.9 
263.2 
239.5 
241.4 
274.6 
Median 
245.2 
292.5 
276.1 
257.9 
210.7 
263.4 
226.2 
211.6 
218.0 
248.0 
242.5 
232.5 
247.1 
201.6 
214.3 
187.1 
216.2 
199.8 
210.0 
247.6 
254.3 
239.8 
228.0 
254.3 
230.7 
245.2 
238.0 
228.0 
216.2 
168.9 
227.1 
212.5 
201.6 
218.9 
221.6 
210.7 
190.7 
184.4 
235.2 
232.5 
240.7 
243.4 
275.2 
268.9 
257.9 
268.9 
260.7 
245.2 
236.1 
278.8 
Min 
159.8 
245.2 
212.5 
201.6 
138.0 
172.6 
132.2 
167.1 
167.1 
178.0 
183.5 
168.9 
168.9 
163.5 
148.9 
132.6 
134.4 
159.8 
134.4 
183.5 
179.8 
150.7 
158.0 
152.6 
172.6 
163.5 
176.2 
156.2 
156.2 
150.0 
174.4 
145.3 
167.1 
170.7 
174.4 
156.2 
130.8 
158.0 
198.0 
167.1 
176.2 
154.4 
174.4 
163.5 
201.6 
194.4 
210.7 
154.4 
196.2 
214.3 
Max 
332.4 
341.5 
348.8 
305.2 
350.6 
377.9 
252.5 
272.5 
265.2 
303.2 
310.6 
296.1 
319.7 
265.4 
292.5 
294.3 
296.1 
276.1 
272.5 
323.4 
325.2 
288.8 
290.6 
285.2 
283.4 
303.4 
301.5 
312.5 
290.6 
265.2 
283.4 
299.7 
290.2 
279.7 
279.7 
283.4 
307.0 
347.0 
274.3 
303.4 
317.9 
359.7 
332.4 
312.5 
323.4 
323.4 
343.3 
305.2 
308.8 
330.6 
Std. 
Dev. 
33.4 
24.8 
32.6 
28.5 
52.8 
59.2 
39.8 
25.1 
22.8 
30.9 
27.3 
28.7 
35.2 
34.3 
30.4 
36.5 
29.5 
30.8 
33.3 
31.9 
35.1 
32.1 
29.5 
26.8 
29.5 
34.4 
35.1 
40.2 
35.1 
22.5 
27.7 
35.7 
36.5 
28.1 
25.9 
33.8 
52.6 
57.5 
21.8 
43.5 
30.7 
48.5 
45.3 
33.0 
33.7 
35.6 
30.6 
38.2 
27.9 
34.0 
Std. 
Err. 
5.5 
5.5 
5.2 
4.8 
9.5 
15.3 
10.0 
4.2 
3.9 
4.9 
4.3 
4.9 
5.6 
10.8 
5.0 
8.0 
5.2 
8.5 
5.6 
5.4 
6.8 
5.1 
4.7 
4.7 
4.7 
5.8 
6.3 
7.6 
5.5 
3.9 
4.7 
5.9 
8.4 
4.5 
4.4 
6.2 
9.8 
15.4 
5.8 
7.6 
5.4 
8.3 
7.8 
5.9 
5.9 
6.7 
5.6 
6.4 
4.9 
6.2 
Site 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
907 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
Age 
(Ma) 
0.155 
0.168 
0.179 
0.198 
0.212 
0.224 
0.245 
0.265 
0.268 
0.281 
0.289 
0.344 
0.390 
0.403 
0.407 
0.416 
0.434 
0.439 
0.461 
0.495 
0.501 
0.581 
0.609 
0.645 
0.648 
0.667 
0.677 
0.683 
0.703 
0.705 
0.724 
0.725 
0.744 
0.751 
0.763 
0.768 
0.784 
0.874 
1.044 
1.100 
0.011 
0.027 
0.071 
0.086 
0.101 
0.128 
0.158 
0.266 
0.281 
0.352 
n 
35 
30 
31 
26 
16 
26 
29 
27 
28 
29 
32 
27 
33 
32 
32 
24 
36 
34 
36 
24 
27 
25 
36 
25 
33 
31 
13 
31 
28 
28 
31 
33 
36 
33 
31 
31 
32 
34 
10 
23 
34 
32 
34 
36 
34 
18 
41 
40 
38 
41 
Mean 
269.7 
275.6 
261.8 
254.3 
232.4 
268.8 
267.3 
247.4 
247.9 
258.8 
238.7 
237.8 
235.0 
238.4 
234.2 
223.0 
238.4 
217.7 
215.6 
215.4 
192.1 
215.7 
222.2 
244.1 
191.0 
211.5 
185.3 
203.0 
223.8 
210.6 
237.7 
199.3 
235.0 
225.9 
221.9 
228.4 
231.7 
224.7 
218.3 
183.6 
240.9 
220.7 
280.0 
266.9 
242.0 
273.1 
239.1 
241.3 
201.5 
217.2 
Median 
272.5 
274.3 
265.2 
248.0 
235.2 
267.0 
270.7 
257.9 
248.0 
267.0 
239.8 
243.4 
234.3 
239.8 
228.9 
229.8 
243.4 
205.3 
217.1 
213.4 
190.7 
225.2 
220.7 
245.2 
190.7 
208.9 
179.8 
205.3 
223.4 
202.5 
238.0 
198.0 
231.6 
223.4 
223.4 
228.9 
230.7 
218.9 
208.9 
178.0 
236.2 
208.0 
281.6 
264.3 
247.1 
267.9 
236.1 
238.9 
201.6 
216.2 
Min 
183.5 
210.7 
178.0 
192.5 
185.3 
198.0 
207.1 
172.6 
192.5 
196.2 
181.6 
167.1 
183.5 
179.8 
178.0 
152.6 
178.0 
170.7 
161.7 
161.7 
152.6 
168.9 
165.3 
170.7 
152.6 
156.2 
152.6 
163.5 
168.9 
176.2 
150.7 
152.6 
156.2 
163.5 
159.8 
168.9 
183.5 
170.7 
167.1 
150.7 
163.5 
158.0 
228.9 
188.9 
167.1 
179.8 
170.7 
183.5 
141.7 
168.9 
Max 
352.4 
347.0 
323.4 
316.1 
307.0 
325.2 
367.0 
297.9 
296.1 
308.8 
301.5 
288.8 
317.9 
294.3 
292.5 
296.1 
287.0 
334.3 
288.8 
267.0 
247.0 
245.2 
305.2 
287.0 
247.0 
279.7 
250.7 
236.1 
296.1 
254.3 
317.9 
312.5 
317.9 
292.5 
305.2 
307.0 
297.9 
288.8 
283.4 
252.5 
339.7 
303.5 
348.8 
345.2 
341.5 
336.1 
321.5 
296.1 
243.4 
288.8 
Std. 
Dev. 
37.1 
34.1 
33.1 
38.2 
31.9 
32.0 
42.3 
33.3 
26.3 
26.4 
30.0 
34.1 
31.2 
29.0 
31.4 
37.2 
27.6 
41.5 
27.7 
30.1 
19.6 
24.2 
30.1 
25.9 
22.9 
31.5 
26.7 
22.3 
32.4 
23.2 
44.7 
31.7 
33.8 
31.9 
34.2 
37.1 
32.4 
29.0 
32.6 
25.1 
44.5 
41.1 
29.9 
35.1 
39.7 
43.7 
33.7 
26.0 
24.7 
26.8 
Std. 
Err. 
6.3 
6.2 
5.9 
7.5 
8.0 
6.3 
7.9 
6.4 
5.0 
4.9 
5.3 
6.6 
5.4 
5.1 
5.6 
7.6 
4.6 
7.1 
4.6 
6.1 
3.8 
4.8 
5.0 
5.2 
4.0 
5.7 
7.4 
4.0 
6.1 
4.4 
8.0 
5.5 
5.6 
5.5 
6.1 
6.7 
5.7 
5.0 
10.3 
5.2 
7.6 
7.3 
5.1 
5.9 
6.8 
10.3 
5.3 
4.1 
4.0 
4.2 
Site 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*987 
*909 
909 
909 
*909 
*909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
Age 
(Ma) 
0.374 
0.382 
0.416 
0.423 
0.431 
0.438 
0.453 
0.468 
0.510 
0.524 
0.539 
0.569 
0.581 
0.618 
0.648 
0.662 
0.726 
0.799 
0.873 
0.013 
0.030 
0.044 
0.055 
0.078 
0.110 
0.122 
0.137 
0.146 
0.158 
0.164 
0.165 
0.175 
0.179 
0.195 
0.203 
0.204 
0.209 
0.217 
0.218 
0.262 
0.265 
0.275 
0.311 
0.318 
0.323 
0.334 
0.378 
0.399 
0.406 
0.446 
" 
39 
35 
38 
14 
15 
32 
35 
34 
30 
21 
40 
13 
18 
40 
35 
36 
29 
40 
39 
42 
33 
30 
30 
19 
24 
32 
29 
18 
18 
25 
28 
21 
32 
32 
34 
26 
27 
26 
34 
30 
33 
21 
31 
17 
29 
10 
28 
30 
32 
29 
Mean 
223.8 
212.8 
208.1 
192.4 
194.4 
229.8 
192.8 
209.3 
211.9 
200.4 
205.9 
213.9 
209.6 
200.9 
204.3 
216.0 
210.1 
214.9 
205.8 
233.2 
268.2 
273.6 
275.1 
225.9 
246.7 
275.4 
241.2 
234.1 
267.2 
254.9 
263.5 
272.1 
269.4 
268.1 
298.6 
267.0 
257.7 
243.3 
248.6 
246.4 
284.1 
275.9 
239.8 
247.4 
239.7 
228.0 
209.2 
212.5 
206.7 
254.3 
Median 
218.9 
218.0 
210.7 
193.5 
190.7 
223.4 
187.1 
211.7 
198.0 
203.4 
208.0 
216.2 
200.7 
199.8 
196.2 
208.0 
203.4 
218.0 
198.0 
241.6 
267.0 
270.7 
277.9 
195.0 
249.8 
275.2 
247.0 
231.6 
254.3 
254.3 
265.2 
285.2 
269.8 
268.8 
298.8 
261.6 
259.8 
244.3 
241.6 
250.7 
288.8 
288.8 
241.6 
248.9 
245.2 
230.7 
215.3 
212.5 
202.6 
252.5 
Min 
152.6 
165.3 
147.1 
159.8 
148.9 
165.3 
154.4 
152.6 
172.6 
150.7 
141.7 
154.4 
168.9 
156.2 
154.4 
163.5 
158.0 
152.6 
152.6 
156.2 
201.6 
194.4 
167.1 
148.8 
203.4 
188.9 
163.5 
188.9 
203.4 
174.4 
188.9 
192.5 
163.5 
178.0 
221.6 
192.5 
179.8 
154.4 
172.6 
154.4 
188.9 
185.3 
176.2 
176.2 
159.8 
190.7 
161.7 
163.5 
152.6 
172.6 
Max 
316.1 
270.7 
292.5 
250.7 
250.7 
310.6 
252.5 
270.7 
261.5 
241.6 
285.2 
263.4 
308.8 
261.1 
307.0 
314.3 
272.5 
296.1 
307.0 
303.4 
334.3 
370.6 
341.5 
356.1 
319.7 
334.3 
292.5 
296.1 
383.3 
345.2 
347.0 
307.0 
379.7 
339.7 
381.5 
357.9 
341.5 
327.0 
321.5 
323.4 
347.0 
348.8 
299.7 
292.5 
330.6 
263.4 
268.8 
287.0 
285.2 
325.2 
Sid. 
Dev. 
36.1 
23.2 
35.3 
25.8 
30.9 
35.2 
25.9 
32.1 
30.5 
27.0 
37.6 
32.8 
36.9 
28.6 
36.3 
38.5 
34.7 
34.9 
41.0 
36.3 
32.2 
42.3 
40.2 
61.5 
31.3 
36.9 
37.6 
34.9 
47.6 
43.6 
44.7 
36.0 
60.2 
37.3 
30.5 
43.3 
44.7 
47.9 
44.4 
39.9 
37.4 
46.0 
32.4 
32.6 
41.7 
23.5 
30.5 
29.0 
36.2 
35.8 
Std. 
Err. 
5.8 
3.9 
5.7 
6.9 
8.0 
6.2 
4.4 
5.5 
5.6 
5.9 
5.9 
9.1 
8.7 
4.5 
6.1 
6.4 
6.4 
5.5 
6.6 
5.6 
5.6 
7.7 
7.3 
14.1 
6.4 
6.5 
7.0 
8.2 
11.2 
8.7 
8.4 
7.8 
10.7 
6.6 
5.2 
8.5 
8.6 
9.4 
7.6 
7.3 
6.5 
10.0 
5.8 
7.9 
7.7 
7.4 
5.8 
5.3 
6.4 
6.6 
Site 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
909 
Age 
(Ma) 
0.474 
0.518 
0.534 
0.537 
0.552 
0.586 
0.593 
0.602 
0.627 
0.689 
0.770 
0.798 
1.030 
1.259 
n 
29 
28 
20 
35 
13 
24 
32 
32 
34 
10 
10 
35 
25 
31 
Mean 
224.8 
238.1 
189.0 
212.8 
201.8 
198.8 
205.4 
197.3 
225.6 
208.9 
231.6 
222.4 
204.1 
189.7 
Median 
232.5 
233.4 
188.0 
214.3 
201.6 
191.7 
203.4 
192.5 
220.7 
196.2 
232.5 
223.4 
205.3 
188.9 
Min 
150.7 
161.7 
150.7 
174.4 
158.0 
154.4 
165.3 
150.7 
167.1 
167.1 
167.1 
174.4 
163.5 
150.7 
Max 
274.3 
332.4 
239.8 
250.7 
238.0 
268.8 
257.9 
261.6 
277.9 
277.9 
297.9 
292.5 
245.2 
228.9 
Std. 
Dev. 
30.7 
37.7 
27.1 
16.2 
22.5 
35.4 
22.5 
25.9 
27.9 
40.0 
35.4 
29.3 
18.3 
18.5 
Std. 
Err. 
5.7 
7.1 
6.1 
2.7 
6.3 
7.2 
4.0 
4.6 
4.8 
12.6 
11.2 
5.0 
3.7 
3.3 
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FT 
3 | 
8> & 
s > 
Is l# o 
s ^ U J 
Sample 
982 D 
982 D 
982 D 
982 D 
982 D 
982 D 
982 D 
982 D 
982 D 
982 D 
982 D 
982 B 
982 D 
982 D 
982 B 
982 D 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
4 H 
1 H 
1 H 
4 H 
1 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
1 
5 
5 
1 
5 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
depth 
(mcd) 
51 
61 
71 
81 
91 
101 
111 
121 
131 
141 
11 
41 
21 
31 
61 
41 
71 
85 
105 
111 
121 
135 
141 
11 
21 
31 
41 
55 
65 
71 
85 
91 
105 
111 
121 
135 
149 
II 
21 
31 
41 
55 
61 
75 
85 
91 
101 
115 
121 
135 
141 
149 
11 
21 
31 
41 
55 
65 
71 
85 
91 
101 
115 
121 
135 
141 
149 
11 
21 
31 
41 
55 
61 
71 
85 
91 
101 
121 
135 
141 
149 
11 
21 
31 
26.86 
26.96 
27.06 
27.16 
27.26 
27.36 
27.46 
27.56 
27.66 
27.76 
27.96 
27.98 
28.06 
28.16 
28.18 
28.26 
28.28 
28.42 
28.62 
28.68 
28.78 
28.92 
28.98 
29.18 
29.28 
29.38 
29.48 
29.62 
29.72 
29.78 
29.92 
29.98 
30.12 
30.18 
30.28 
30.42 
30.56 
30.68 
30.78 
30.88 
30.98 
31.12 
31.18 
31.32 
31.42 
31.48 
31.58 
31.72 
31.78 
31.92 
31.98 
32.06 
32.18 
32.28 
32.38 
32.48 
32.62 
32.72 
32.78 
32.92 
32.98 
33.08 
33.22 
33.28 
33.42 
33.48 
33.56 
33.68 
33.78 
33.88 
33.98 
34.12 
34.18 
34.28 
34.42 
34.48 
34.58 
34.78 
34.92 
34.98 
35.06 
35.18 
35.28 
35.38 
Age 
(Ma) 
1.000 
1.002 
1.004 
1.005 
1.007 
1.009 
1.010 
1.012 
1.022 
1.032 
1.042 
1.043 
1.047 
1.052 
1.054 
1.064 
1.064 
1.067 
1.071 
1.072 
1.074 
1.082 
1.086 
1.098 
1.104 
1.108 
1.111 
1.116 
1.124 
1.129 
1.140 
1.144 
1.155 
1.160 
1.168 
1.172 
1.176 
1.180 
1.186 
1.192 
1.198 
1.206 
1.209 
1.217 
1.223 
1.227 
1.233 
1.241 
1.244 
1.252 
1.256 
1.261 
1.270 
1.276 
1.283 
1.290 
1.299 
1.306 
1.310 
1.320 
1.324 
1.331 
1.340 
1.344 
1.353 
1.357 
1.362 
1.366 
1.369 
1.372 
1.375 
1.378 
1.380 
1.382 
1.397 
1.403 
1.413 
1.434 
1.442 
1.446 
1.451 
1.458 
1.464 
1.471 
CaC03 
(wt.%) 
78.02 
84.68 
76.07 
81.01 
67.86 
60.89 
40.25 
29.81 
40.18 
57.62 
32.30 
33.99 
34.72 
36.21 
35.44 
29.70 
35.44 
50.02 
82.74 
80.21 
78.18 
82.45 
74.73 
52.96 
43.94 
48.48 
66.79 
83.08 
72.67 
71.19 
31.37 
41.43 
35.05 
58.85 
78.63 
58.83 
38.82 
26.60 
35.06 
60.94 
82.57 
80.06 
74.97 
65.16 
73.32 
66.67 
85.10 
80.66 
79.40 
61.29 
47.55 
52.10 
79.88 
79.33 
69.00 
59.00 
52.29 
54.12 
75.06 
89.57 
85.67 
81.34 
83.93 
79.94 
80.01 
84.14 
81.73 
78.32 
71.00 
32.36 
33.66 
53.91 
66.93 
69.32 
70.69 
59.59 
58.90 
80.86 
79.89 
80.05 
74.28 
52.02 
31.43 
62.78 
Sample 
982 B 
982 B 
982 C 
982 B 
982 B 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 B 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 C 
982 B 
982 C 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
982 B 
4 H 
4 H 
5 H 
4 H 
4 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
6 
6 
1 
6 
6 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
3 
3 
3 
3 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
depth 
(mcd) 
41 
55 
11 
65 
71 
31 
41 
51 
61 
71 
81 
91 
101 
111 
121 
131 
141 
11 
21 
31 
41 
51 
61 
71 
81 
91 
101 
101 
111 
121 
131 
149 
11 
21 
31 
41 
91 
51 
115 
121 
131 
141 
149 
11 
3 
21 
31 
41 
51 
65 
71 
81 
91 
101 
115 
121 
131 
141 
149 
11 
21 
31 
41 
55 
61 
71 
81 
91 
101 
111 
121 
135 
141 
149 
11 
21 
31 
41 
51 
61 
71 
81 
91 
101 
35.48 
35.62 
35.66 
35.72 
35.78 
35.86 
35.96 
36.06 
36.16 
36.26 
36.36 
36.46 
36.56 
36.66 
36.76 
36.86 
36.96 
37.16 
37.26 
37.36 
37.46 
37.56 
37.66 
37.76 
37.86 
37.96 
38.06 
38.08 
38.16 
38.26 
38.36 
38.54 
38.66 
38.76 
38.86 
38.96 
38.98 
39.06 
39.22 
39.28 
39.38 
39.48 
39.56 
39.68 
39.70 
39.78 
39.88 
39.98 
40.08 
40.22 
40.28 
40.38 
40.48 
40.58 
40.72 
40.78 
40.88 
40.98 
41.06 
41.18 
41.28 
41.38 
41.48 
41.62 
41.68 
41.78 
41.88 
41.98 
42.08 
42.18 
42.28 
42.42 
42.48 
42.56 
42.68 
42.78 
42.88 
42.98 
43.08 
43.18 
43.28 
43.38 
43.48 
43.58 
Age 
(Ma) 
1.479 
1.489 
1,492 
1.496 
1.501 
1.507 
1.514 
1.521 
1.529 
1.536 
1.542 
1.548 
1.555 
1.561 
1.567 
1.573 
1.579 
1.592 
1.598 
1.604 
1.610 
1.616 
1.622 
1.627 
1.633 
1.639 
1.645 
1.646 
1.648 
1.651 
1.653 
1.658 
1.665 
1.671 
1.676 
1.682 
1.683 
1.688 
1.698 
1.702 
1.708 
1.715 
1.720 
1.732 
1.734 
1.742 
1.749 
1.757 
1.764 
1.770 
1.772 
1.776 
1.779 
1.782 
1.786 
1.788 
1.794 
1.800 
1.805 
1.812 
1.819 
1.827 
1.834 
1.844 
1.849 
1.856 
1.858 
1.861 
1.863 
1.866 
1.868 
1.880 
1.885 
1.892 
1.902 
1.910 
1.918 
1.926 
1.934 
1.942 
1.950 
1.958 
1.966 
1.974 
CaC03 
(wt.%) 
71.62 
66.60 
68.94 
68.64 
77.42 
86.38 
86.93 
79.09 
61.36 
57.76 
85.22 
84.13 
84.09 
83.76 
75.46 
76.62 
76.67 
85.13 
86.60 
85.32 
85.45 
79.40 
73.47 
70.87 
70.57 
76.34 
73.23 
81.75 
69.46 
54.59 
31.06 
11.44 
34.94 
34.61 
39.45 
40.28 
48.91 
85.50 
85.34 
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42.87 
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1 
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1 
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2 
2 
2 
2 
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2 
2 
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2 
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depth 
(mcd) 
111 
121 
135 
141 
149 
11 
21 
31 
41 
55 
61 
71 
81 
91 
101 
115 
121 
135 
141 
149 
11 
21 
31 
41 
51 
61 
71 
85 
91 
101 
31 
41 
51 
61 
71 
81 
91 
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131 
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149 
11 
21 
31 
41 
51 
61 
71 
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21 
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81 
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149 
11 
21 
35 
41 
51 
65 
71 
85 
91 
101 
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121 
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141 
43.68 
43.78 
43.92 
43.98 
44.06 
44.18 
44.28 
44.38 
44.48 
44.62 
44.68 
44.78 
44.88 
44.98 
45.08 
45.22 
45.28 
45.42 
45.48 
45.56 
45.68 
45.78 
45.88 
45.98 
46.08 
46.18 
46.28 
46.42 
46.48 
46.58 
46.68 
46.78 
46.88 
46.98 
47.08 
47.18 
47.28 
47.48 
47.58 
47.68 
47.78 
47.86 
47.96 
48.08 
48.18 
48.28 
48.38 
48.48 
48.58 
48.68 
48.78 
48.88 
48.98 
49.08 
49.18 
49.28 
49.48 
49.58 
49.68 
49.78 
49.88 
49.98 
50.01 
50.08 
50.11 
50.18 
50.21 
50.35 
50.41 
50.49 
50.61 
50.71 
50.85 
50.91 
51.01 
51.15 
51.21 
51.35 
51.41 
51.51 
51.61 
51.71 
51.85 
51.91 
Age 
(Ma) 
1.980 
1.986 
1.994 
1.999 
2.006 
2.015 
2.023 
2.030 
2.034 
2.040 
2.042 
2.047 
2.051 
2.055 
2.059 
2.065 
2.067 
2.073 
2.076 
2.079 
2.084 
2.096 
2.100 
2.105 
2.109 
2.113 
2.117 
2.123 
2.126 
2.132 
2.137 
2.143 
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2.165 
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2.181 
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2.192 
2.198 
2.202 
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2.214 
2.219 
2.223 
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2.232 
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2.284 
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2.291 
2.294 
2.295 
2.297 
2.298 
2.300 
2.301 
2.306 
2.308 
2.311 
2.315 
2.318 
2.323 
2.325 
2.329 
2.333 
2.336 
2.340 
2.343 
2.346 
2.350 
2.353 
2.358 
2.359 
CaC03 
(wt.%) 
72.11 
75.34 
75.51 
66.24 
64.30 
70.47 
66.06 
61.56 
79.20 
81.91 
79.39 
85.50 
85.50 
86.21 
85.34 
83.09 
84.85 
79.99 
81.49 
73.87 
56.25 
67.18 
43.13 
52.50 
41.00 
59.68 
61.95 
84.99 
88.21 
86.33 
76.81 
74.80 
73.35 
64.77 
77.71 
78.88 
84.89 
79.78 
76.38 
65.41 
36.35 
20.81 
46.06 
56.79 
83.55 
86.65 
85.99 
83.79 
83.39 
85.24 
74.03 
81.84 
76.56 
75.50 
72.51 
67.10 
41.52 
73.26 
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64.68 
59.82 
51.11 
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56.84 
48.81 
83.15 
88.11 
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76.17 
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54.01 
74.33 
72.04 
86.82 
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81.12 
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72.65 
82.19 
82.78 
80.29 
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SR O 
— - U J 
Sample depth 
(mcd) 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 A 
984 C 
984 A 
984 B 
984 C 
984 B 
984 B 
984 B 
984 B 
984 B 
984 B 
984 B 
984 B 
984 B 
984 B 
984 A 
984 B 
3 H 
3 H 
3 H 
3 H 
Age 
(Ma) 
25.34 
25.84 
26.28 
26.84 
27.34 
27.78 
28.34 
28.77 
28.84 
29.33 
32.79 
32.96 
33.29 
34.29 
34.79 
35.35 
35.79 
36.79 
37.29 
37.79 
38.35 
38.79 
39.04 
39.33 
0.155 
0.158 
0.161 
0.164 
0.167 
0.170 
0.173 
0.176 
0.177 
0.179 
0.200 
0.202 
0.203 
0.210 
0.213 
0.216 
0.219 
0.225 
0.228 
0.231 
0.234 
0.237 
0.239 
0.240 
CaC03 
(wt.%) 
6.36 
5.32 
4.40 
4.21 
8.52 
2.91 
2.60 
3.05 
5.45 
4.28 
26.37 
11.38 
12.93 
19.85 
16.73 
10.07 
7.27 
6.65 
8.54 
23.17 
13.46 
6.64 
9.41 
5.43 
Sample 
984 A 
984 A 
984 A 
984 C 
984 A 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 A 
984 A 
984 A 
984 A 
984 A 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
6 H 
6 H 
6 H 
6 H 
6 H 
2 
2 
3 
1 
3 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
1 
2 
2 
2 
3 
depth 
(mcd) 
63 
119 
19 
63 
63 
119 
19 
63 
119 
19 
63 
119 
19 
63 
119 
19 
63 
119 
19 
119 
19 
63 
119 
19 
39.48 
40.04 
40.54 
40.80 
40.98 
41.36 
41.86 
42.30 
42.86 
43.36 
43.80 
44.36 
44.86 
45.30 
45.86 
46.36 
46.80 
47.36 
47.86 
48.63 
49.13 
49.57 
50.13 
50.63 
Age 
(Ma) 
0.241 
0.245 
0.248 
0.249 
0.250 
0.253 
0.256 
0.259 
0.263 
0.266 
0.269 
0.273 
0.277 
0.280 
0.284 
0.288 
0.291 
0.295 
0.298 
0.304 
0.307 
0.310 
0.314 
0.318 
CaC03 
(wt.%) 
5.85 
3.25 
3.67 
5.76 
4.52 
3.80 
10.73 
6.56 
5.15 
11.64 
11.26 
9.97 
3.58 
3.43 
12.07 
11.25 
13.16 
9.89 
8.45 
1.29 
15.66 
14.53 
18.04 
13.60 
Sample 
984 A 
984 A 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 C 
984 A 
984 A 
984 A 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
7 H 
7 H 
7 H 
3 
3 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 
1 
2 
2 
depth 
(mcd) 
63 
119 
63 
119 
19 
63 
119 
19 
63 
119 
19 
63 
119 
19 
63 
119 
19 
63 
119 
119 
19 
63 
51.07 
51.63 
51.70 
52.26 
52.76 
53.20 
53.76 
54.26 
54.70 
55.26 
55.76 
56.20 
56.76 
57.26 
57.70 
58.26 
58.76 
59.20 
59.76 
59.86 
60.36 
60.80 
Age 
(Ma) 
0.321 
0.325 
0.326 
0.330 
0.333 
0.336 
0.340 
0.344 
0.347 
0.351 
0.354 
0.358 
0.362 
0.365 
0.368 
0.372 
0.376 
0.379 
0.383 
0.384 
0.387 
0.390 
CaC03 
(wt.%) 
13.73 
4.95 
4.70 
6.60 
7.53 
9.36 
6.25 
0.49 
1.63 
8.85 
11.86 
8.85 
13.74 
13.87 
21.34 
9.29 
21.00 
27.97 
20.88 
17.07 
20.92 
16.78 
Tab.B.3.Contents of bulk carbonate from ODP Site 985 
Sample 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
I H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
9 
5.5 
29 
20 
49 
41 
69 
56 
89 
70 
109 
101 
129 
120 
149 
129 
9 
149 
29 
9 
10 
20 
28 
45 
47 
68 
70 
86 
90 
107 
120 
127 
149 
9 
17 
27 
50 
68 
70 
86 
107 
120 
129 
149 
9 
20 
27 
50 
68 
72 
depth Age 
(mcd) (Ma) 
0.09 0.005 
0.28 0.011 
0.29 0.012 
0.42 0.016 
0.49 0.018 
0.63 0.023 
0.69 0.025 
0.78 0.028 
0.89 0.032 
0.92 0.033 
1.09 0.038 
1.23 0.043 
1.29 0.045 
1.42 0.049 
1.49 0.051 
1.51 0.052 
1.59 0.055 
1.71 0.059 
1.79 0.063 
1.81 0.064 
1.82 0.064 
1.92 0.069 
2.00 0.073 
2.17 0.082 
2.19 0.083 
2.40 0.093 
2.42 0.094 
2.58 0.102 
2.62 0.104 
2.79 0.113 
2.92 0.119 
2.99 0.123 
3.21 0.137 
3.31 0.143 
3.39 0.148 
3.49 0.155 
3.72 0.169 
3.90 0.180 
3.92 0.182 
4.08 0.192 
4.29 0.205 
4.42 0.213 
4.51 0.217 
4.71 0.225 
4.81 0.229 
4.92 0.234 
4.99 0.236 
5.22 0.251 
5.40 0.262 
5.44 0.265 
CaC03 
(wt.%) 
46.52 
47.15 
45.08 
50.77 
5.27 
6.26 
11.85 
12.32 
8.24 
11.19 
10.70 
9.45 
7.76 
9.29 
6.05 
6.42 
0.11 
0.00 
19.17 
12.99 
27.61 
21.04 
17.76 
17.83 
16.88 
34.82 
35.90 
23.85 
32.68 
7.06 
2.90 
7.17 
6.44 
9.40 
1.61 
7.70 
7.36 
3.73 
9.48 
2.08 
22.83 
23.97 
10.81 
5.86 
11.89 
12.09 
24.82 
6.63 
7.27 
11.29 
Sample 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 B 
985 A 
985 A 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 A 
985 B 
985 B 
985 A 
985 B 
985 A 
985 B 
985 B 
985 B 
985 A 
985 B 
985 B 
985 A 
985 B 
985 B 
985 B 
985 A 
985 B 
985 B 
985 A 
985 B 
985 B 
985 A 
985 A 
985 B 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
1 H 
2 H 
1 H 
1 H 
1 H 
2 H 
1 H 
2 H 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
2 
5 
5 
5 
2 
5 
2 
1 HCC 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 
2 
3 
3 
3 
3 
1 
3 
3 
1 
3 
1 
3 
4 
4 
1 
4 
4 
2 
4 
4 
4 
2 
4 
5 
2 
5 
5 
3 
3 
5 
75 
86 
107 
120 
129 
149 
9 
20 
27 
49 
68 
70 
29 
86 
107 
120 
89 
144 
109 
17 
129 
149 
9 
29 
49 
69 
20 
89 
109 
51 
129 
70 
149 
9 
29 
120 
49 
69 
20 
89 
109 
129 
70 
149 
9 
120 
49 
69 
9 
20 
89 
depth 
(mcd) 
5.47 
5.58 
5.79 
5.92 
6.01 
6.21 
6.31 
6.42 
6.49 
6.71 
6.90 
6.92 
7.03 
7.08 
7.29 
7.42 
7.63 
7.66 
7.83 
7.88 
8.03 
8.23 
8.33 
8.53 
8.73 
8.93 
9.07 
9.13 
9.33 
9.38 
9.53 
9.57 
9.73 
9.83 
10.03 
10.07 
10.23 
10.43 
10.57 
10.63 
10.83 
11.03 
11.07 
11.23 
11.33 
11.57 
11.73 
11.93 
11.96 
12.07 
12.13 
Age 
(Ma) 
0.267 
0.273 
0.287 
0.295 
0.300 
0.313 
0.319 
0.324 
0.327 
0.337 
0.345 
0.346 
0.351 
0.353 
0.362 
0.367 
0.374 
0.375 
0.381 
0.382 
0.387 
0.394 
0.398 
0.401 
0.404 
0.408 
0.410 
0.411 
0.414 
0.415 
0.418 
0.418 
0.421 
0.423 
0.426 
0.427 
0.429 
0.433 
0.435 
0.436 
0.439 
0.443 
0.443 
0.446 
0.448 
0.455 
0.459 
0.465 
0.466 
0.469 
0.471 
CaC03 
(wt.%) 
10.20 
10.63 
11.61 
12.16 
12.62 
15.87 
17.73 
1.89 
0.79 
0.05 
0.24 
0.95 
0.00 
2.47 
0.79 
11.90 
17.60 
15.53 
58.97 
60.03 
45.29 
36.55 
1.40 
0.46 
0.18 
0.59 
0.00 
1.26 
0.00 
0.00 
1.34 
0.06 
0.00 
1.52 
10.33 
0.14 
0.18 
10.85 
6.88 
0.27 
0.21 
2.88 
1.09 
3.09 
1.99 
23.84 
7.58 
16.81 
19.81 
22.49 
8.37 
Sample 
985 A 
985 B 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
28 
109 
49 
67 
70 
89 
107 
120 
129 
149 
9 
20 
27 
49 
67 
70 
89 
107 
120 
129 
9 
20 
27 
49 
67 
70 
89 
107 
120 
129 
149 
9 
20 
27 
48 
67 
70 
88 
107 
120 
129 
149 
9 
20 
27 
49 
9 
20 
27 
49 
67 
depth 
(mcd) 
12.15 
12.33 
12.36 
12.54 
12.57 
12.76 
12.94 
13.07 
13.16 
13.36 
13.46 
13.57 
13.64 
13.86 
14.04 
14.07 
14.26 
14.44 
14.57 
14.66 
14.96 
15.07 
15.14 
15.36 
15.54 
15.57 
15.76 
15.94 
16.07 
16.16 
16.36 
16.46 
16.57 
16.64 
16.85 
17.04 
17.07 
17.25 
17.44 
17.57 
17.66 
17.86 
17.96 
18.07 
18.14 
18.36 
18.46 
18.57 
18.64 
18.86 
19.04 
Age 
(Ma) 
0.471 
0.476 
0.477 
0.483 
0.483 
0.489 
0.505 
0.517 
0.525 
0.543 
0.546 
0.549 
0.551 
0.557 
0.561 
0.561 
0.565 
0.569 
0.572 
0.574 
0.580 
0.582 
0.584 
0.588 
0.592 
0.592 
0.593 
0.594 
0.594 
0.595 
0.595 
0.596 
0.596 
0.597 
0.597 
0.598 
0.598 
0.599 
0.600 
0.600 
0.601 
0.601 
0.602 
0.602 
0.603 
0.603 
0.604 
0.604 
0.605 
0.605 
0.606 
CaC03 
(wt.%) 
9.45 
18.41 
19.22 
21.86 
14.68 
1.49 
1.42 
0.90 
0.26 
4.85 
20.72 
11.20 
28.83 
36.38 
4.79 
5.53 
10.58 
10.26 
28.05 
6.65 
1.56 
1.82 
1.10 
2.48 
2.86 
7.99 
2.51 
3.14 
8.33 
6.33 
7.27 
1.00 
1.48 
0.00 
0.00 
0.47 
0.50 
3.07 
1.28 
2.94 
1.95 
1.29 
1.41 
3.70 
0.81 
0.73 
1.23 
1.84 
1.90 
1.25 
0.00 
Sample 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 B 
985 B 
985 A 
985 A 
985 A 
985 B 
985 A 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 B 
985 B 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 A 
985 B 
985 A 
985 A 
985 A 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
4 H 
4 H 
3 H 
3 H 
3 H 
4 H 
3 H 
3 H 
4 H 
3 H 
4 H 
3 H 
4 H 
3 H 
4 H 
3 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
s 5 
5 
5 
5 
5 
6 
6 
6 
2 
2 
6 
6 
6 
2 
6 
6 
2 
6 
2 
6 
2 
6 
2 
7 
3 
3 
3 
3 
1 
3 
] 
3 
1 
1 
3 
1 
1 
I 
depth 
(mcd) 
70 
89 
107 
120 
129 
148 
9 
20 
27 
49 
67 
70 
89 
107 
120 
129 
149 
9 
10 
20 
27 
53 
67 
70 
89 
107 
120 
129 
149 
9 
20 
25 
49 
67 
70 
87 
107 
120 
129 
146 
9 
20 
27 
49 
67 
70 
89 
107 
120 
129 
149 
9 
20 
27 
9 
29 
49 
67 
70 
69 
89 
107 
89 
120 
109 
129 
129 
149 
149 
20 
9 
29 
49 
69 
20 
89 
49 
109 
67 
70 
129 
89 
107 
120 
19.07 
19.26 
19.44 
19.57 
19.66 
19.85 
19.96 
20.07 
20.14, 
20.36 
20.54 
20.57 
20.76 
20.94 
21.07 
21.16 
21.36 
21.46 
21.47 
21.57 
21.64 
21.90 
22.04 
22.07 
22.26 
22.44 
22.57 
22.66 
22.86 
22.96 
23.07 
23.12 
23.36 
23.54 
23.57 
23.74 
23.94 
24.07 
24.16 
24.33 
24.46 
24.57 
24.64 
24.86 
25.04 
25.07 
25.26 
25.44 
25.57 
25.66 
25.86 
25.96 
26.07 
26.14 
26.15 
26.35 
26.36 
26.54 
26.57 
26.75 
26.76 
26.94 
26.95 
27.07 
27.15 
27.16 
27.35 
27.36 
27.55 
27.57 
27.65 
27.85 
28.05 
28.25 
28.27 
28.45 
28.56 
28.65 
28.74 
28.77 
28.85 
28.96 
29.04 
29.27 
Age 
(Ma) 
0.606 
0.607 
0.608 
0.608 
0.609 
0.609 
0.610 
0.610 
0.611 
0.612 
0.612 
0.612 
0.613 
0.614 
0.614 
0.615 
0.616 
0.616 
0.616 
0.616 
0.617 
0.618 
0.618 
0.618 
0.619 
0.620 
0.620 
0.621 
0.622 
0.622 
0.622 
0.623 
0.624 
0.624 
0.624 
0.625 
0.626 
0.635 
0.641 
0.653 
0.662 
0.670 
0.675 
0.690 
0.702 
0.704 
0.718 
0.730 
0.739 
0.745 
0.759 
0.766 
0.774 
0.779 
0.779 
0.791 
0.791 
0.802 
0.803 
0.814 
0.814 
0.824 
0.825 
0.832 
0.836 
0.837 
0.848 
0.848 
0.859 
0.860 
0.865 
0.876 
0.888 
0.899 
0.900 
0.910 
0.935 
0.955 
0.974 
0.981 
0.991 
0.996 
0.999 
1.007 
CaC03 
(wt.%) 
0.00 
0.36 
0.93 
0.54 
0.00 
1.36 
1.62 
0.13 
0.43 
2.19 
0.00 
0.17 
0.29 
1.55 
1.95 
0.43 
1.94 
0.23 
10.33 
0.42 
2.30 
1.49 
1.83 
1.46 
0.95 
0.40 
1.95 
0.00 
0.26 
0.24 
0.00 
0.00 
0.03 
0.00 
0.00 
0.00 
4.89 
0.46 
5.41 
20.41 
7.26 
7.92 
10.03 
7.36 
7.03 
6.67 
7.29 
6.18 
7.09 
6.71 
19.64 
10.14 
4.18 
3.63 
4.29 
25.74 
22.71 
10.20 
11.35 
5.37 
5.48 
10.65 
8.91 
10.34 
1.19 
3.04 
2.26 
1.97 
0.00 
1.64 
1.44 
7.13 
0.00 
5.95 
10.59 
28.80 
0.70 
0.54 
0.11 
2.36 
2.29 
1.21 
1.41 
0.60 
Sample 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 B 
985 A 
985 B 
985 A 
985 A 
985 B 
985 B 
985 A 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 A 
985 B 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
5 H 
4 H 
5 H 
4 H 
4 H 
5 H 
5 H 
4 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
2 
6 
2 
6 
6 
2 
2 
7 
2 
2 
3 
3 
3 
3 
3 
3 
1 
3 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
depth 
(mcd) 
127 
149 
9 
20 
27 
48 
67 
70 
91 
107 
120 
127 
149 
9 
20 
27 
48 
67 
70 
91 
107 
120 
127 
149 
9 
20 
27 
48 
67 
70 
91 
107 
127 
149 
9 
20 
27 
49 
67 
70 
91 
107 
120 
127 
149 
9 
20 
27 
49 
67 
70 
29 
91 
49 
107 
120 
89 
109 
20 
129 
149 
9 
29 
49 
69 
89 
109 
89 
129 
109 
129 
149 
9 
27 
49 
69 
89 
107 
129 
149 
9 
27 
49 
69 
29.34 
29.56 
29.66 
29.77 
29.84 
30.05 
30.24 
30.27 
30.48 
30.64 
30.77 
30.84 
31.06 
31.16 
31.27 
31.34 
31.55 
31.74 
31.77 
31.98 
32.14 
32.27 
32.34 
32.56 
32.66 
32.77 
32.84 
33.05 
33.24 
33.27 
33.48 
33.64 
33.84 
34.06 
34.16 
34.27 
34.34 
34.56 
34.74 
34.77 
34.98 
35.14 
35.27 
35.34 
35.56 
35.66 
35.77 
35.84 
36.06 
36.24 
36.27 
36.37 
36.48 
36.57 
36.64 
36.77 
36.97 
37.17 
37.27 
37.37 
37.57 
37.67 
37.87 
38.07 
38.27 
38.47 
38.67 
38.77 
38.87 
38.97 
39.17 
39.37 
39.47 
39.65 
39.87 
40.07 
40.27 
40.45 
40.67 
40.87 
40.97 
41.15 
41.37 
41.57 
Age 
(Ma) 
1.010 
1.018 
1.021 
1.026 
1.028 
1.036 
1.043 
1.044 
1.052 
1.058 
1.063 
1.065 
1.073 
1.077 
1.081 
1.084 
1.092 
1.099 
1.100 
1.108 
1.114 
1.119 
1.121 
1.129 
1.133 
1.137 
1.140 
1.148 
1.155 
1.156 
1.164 
1.170 
1.177 
1.186 
1.189 
1.193 
1.196 
1.204 
1.211 
1.212 
1.220 
1.226 
1.231 
1.233 
1.242 
1.245 
1.249 
1.252 
1.260 
1.267 
1.268 
1.272 
1.276 
1.279 
1.282 
1.287 
1.294 
1.302 
1.306 
1.309 
1.317 
1.321 
1.328 
1.335 
1.343 
1.350 
1.358 
1.362 
1.365 
1.369 
1.377 
1.384 
1.388 
1.395 
1.403 
1.410 
1.418 
1.424 
1.433 
1.440 
1.444 
1.451 
1.459 
1.466 
CaC03 
(wt.%) 
0.28 
0.41 
1.14 
1.27 
0.94 
0.33 
0.51 
0.00 
0.87 
0.93 
1.77 
8.21 
20.82 
0.57 
0.58 
0.60 
1.72 
1.62 
1.67 
0.93 
1.19 
0.59 
0.00 
1.98 
0.47 
0.19 
1.18 
1.24 
0.15 
0.25 
0.42 
2.83 
0.44 
0.30 
0.17 
0.25 
0.38 
0.00 
0.44 
0.00 
0.94 
0.72 
0.75 
0.21 
0.18 
0.82 
0.00 
0.00 
0.00 
4.66 
3.22 
0.00 
0.72 
0.72 
0.92 
0.00 
0.00 
0.00 
0.22 
0.14 
0.58 
0.00 
1.75 
0.16 
1.20 
0.39 
1.31 
0.21 
0.46 
1.12 
0.75 
1.58 
0.00 
0.45 
0.00 
0.38 
0.85 
0.34 
17.79 
2.15 
8.75 
0.00 
10.81 
0.37 
Sample 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 B 
985 A 
985 A 
985 B 
985 A 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
7 H 
6 H 
6 H 
7 H 
6 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
2 
4 
2 
4 
2 
4 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
1 
6 
6 
1 
6 
1 
2 
2 
2 
2 
2 
2 
2 
depth 
(mcd) 
89 
107 
129 
149 
9 
26 
49 
69 
89 
108 
129 
149 
9 
27 
49 
69 
89 
108 
129 
149 
29 
49 
69 
89 
109 
129 
149 
9 
29 
49 
69 
89 
109 
129 
149 
9 
29 
9 
49 
27 
69 
49 
89 
68 
89 
107 
129 
149 
9 
27 
49 
69 
89 
107 
129 
149 
9 
27 
49 
69 
89 
107 
129 
9 
27 
51 
69 
89 
107 
129 
149 
89 
9 
27 
129 
49 
149 
9 
29 
49 
69 
S9 
109 
129 
41.77 
41.95 
42.17 
42.37 
42.47 
42.64 
42.87 
43.07 
43.27 
43.46 
43.67 
43.87 
43.97 
44.15 
44.37 
44.57 
44.77 
44.96 
45.17 
45.37 
46.60 
46.80 
47.00 
47.20 
47.40 
47.60 
47.80 
47.90 
48.10 
48.30 
48.50 
48.70 
48.90 
49.10 
49.30 
49.40 
49.60 
49.76 
49.80 
49.94 
50.00 
50.16 
50.20 
50.35 
50.56 
50.74 
50.96 
51.16 
51.26 
51.44 
51.66 
51.86 
52.06 
52.24 
52.46 
52.66 
52.76 
52.94 
53.16 
53.36 
53.56 
53.74 
53.96 
54.26 
54.44 
54.68 
54.86 
55.06 
55.24 
55.46 
55.66 
55.74 
55.76 
55.94 
56.14 
56.16 
56.34 
56.44 
56.64 
56.84 
57.04 
57.24 
57.44 
57.64 
Age 
(Ma) 
1.474 
1.481 
1.489 
1.496 
1.500 
1.506 
1.515 
1.522 
1.530 
1.537 
1.545 
1.552 
1.556 
1.563 
1.571 
1.579 
1.586 
1.593 
1.601 
1.608 
1.654 
1.662 
1.669 
1.677 
1.684 
1.692 
1.699 
1.703 
1.711 
1.718 
1.726 
1.733 
1.740 
1.748 
1.755 
1.759 
1.767 
1.772 
1.773 
1.777 
1.778 
1.782 
1.784 
1.787 
1.793 
1.798 
1.804 
1.809 
1.812 
1.816 
1.822 
1.827 
1.833 
1.838 
1.843 
1.849 
1.851 
1.856 
1.862 
1.867 
1.872 
1.877 
1.883 
1.891 
1.896 
1.902 
1.907 
1.912 
1.917 
1.923 
1.928 
1.930 
1.931 
1.935 
1.941 
1.941 
1.946 
1.949 
1.955 
1.963 
1.970 
1.977 
1.985 
1.992 
CaC03 
(wt.%) 
0.29 
0.39 
0.69 
0.36 
0.27 
0.35 
0.09 
2.28 
4.69 
3.27 
1.31 
0.00 
0.06 
0.00 
0.00 
0.43 
0.27 
0.00 
0.54 
0.12 
0.13 
4.04 
0.53 
0.74 
0.55 
0.57 
0.31 
0.89 
0.45 
1.41 
0.31 
4.04 
1.62 
0.86 
0.21 
0.21 
0.28 
0.04 
0.00 
0.00 
0.00 
0.20 
0.00 
3.82 
0.16 
0.13 
0.51 
0.00 
0.00 
0.00 
0.00 
0.18 
0.70 
0.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
3.89 
8.45 
14.33 
0.22 
1.26 
0.33 
0.30 
0.18 
0.52 
1.03 
0.42 
0.00 
1.72 
0.00 
0.16 
0.00 
0.00 
0.00 
2.59 
0.07 
0.00 
Sample 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 A 
985 B 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
| 985 A 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
7 H 
2 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
2 
5 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
depth 
(mcd) 
149 
9 
29 
49 
69 
89 
109 
129 
149 
9 
29 
49 
69 
89 
109 
129 
149 
9 
29 
49 
89 
69 
107 
129 
149 
9 
27 
49 
69 
89 
107 
129 
149 
9 
27 
49 
69 
89 
107 
129 
149 
9 
27 
49 
69 
89 
107 
129 
149 
9 
27 
49 
57.84 
57.94 
58.14 
58.34 
58.54 
58.74 
58.94 
59.14 
59.34 
59.44 
59.64 
59.84 
60.04 
60.24 
60.44 
60.64 
60.84 
60.94 
61.14 
61.34 
61.50 
61.54 
61.68 
61.90 
62.10 
62.20 
62.38 
62.60 
62.80 
63.00 
63.18 
63.40 
63.60 
63.70 
63.88 
64.10 
64.30 
64.50 
64.68 
64.90 
65.10 
65.20 
65.38 
65.60 
65.80 
66.00 
66.18 
66.40 
66.60 
66.70 
66.88 
67.10 
69 67.30 
89| 67.50 
Age 
(Ma) 
1.999 
2.003 
2.010 
2.017 
2.024 
2.032 
2.039 
2.046 
2.054 
2.057 
2.064 
2.072 
2.079 
2.086 
2.094 
2.101 
2.108 
2.112 
2.119 
2.126 
2.132 
2.133 
2.139 
2.147 
2.154 
2.157 
2.164 
2.172 
2.179 
2.187 
2.193 
2.201 
2.208 
2.212 
2.218 
2.226 
2.234 
2.241 
2.248 
2.256 
2.263 
2.266 
2.273 
2.281 
2.288 
2.296 
2.302 
2.310 
2.317 
2.321 
2.327 
2.335 
2.343 
2.350 
CaC03 
(wt.%) 
0.00 
0.00 
0.89 
0.22 
0.00 
0.08 
0.00 
0.33 
0.45 
0.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.08 
0.02 
0.00 
0.22 
0.73 
0.00 
0.07 
0.00 
0.00 
0.03 
0.30 
0.12 
0.00 
0.00 
0.45 
1.03 
0.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.17 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Sample 
985 A 
985 A 
985 A 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
7 H 
7 H 
7 H 
7 H 
8 H 
7 H 
8 H 
7 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 11 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
6 
6 
6 
7 
2 
7 
2 
7 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
3 
7 
3 
7 
4 
7 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
depth Age 
(mcd) (Ma) 
107 
129 
149 
9 
89 
26 
109 
49 
129 
149 
9 
29 
49 
69 
89 
9 
29 
49 
9 
29 
49 
69 
89 
109 
9 
29 
49 
69 
89 
109 
129 
149 
9 
29 
128 
49 
148 
69 
9 
89 
27 
49 
69 
89 
107 
129 
149 
9 
27 
49 
69 
85 
107 
129 
67.68 2.357 
67.90 2.365 
68.10 2.372 
68.20 2.375 
68.22 2.376 
68.37 2.382 
68.42 2.383 
68.60 2.390 
68.62 2.391 
68.82 2.398 
68.92 2.402 
69.12 2.409 
69.32 2.416 
69.52 2.423 
69.72 2.431 
69.95 2.439 
70.15 2.446 
70.35 2.454 
70.54 2.460 
70.74 2.468 
70.94 2.475 
71.14 2.482 
71.34 2.490 
71.54 2.497 
71.84 2.508 
72.04 2.515 
72.24 2.522 
72.44 2.529 
72.64 2.537 
72.84 2.544 
73.04 2.551 
73.24 2.559 
73.34 2.562 
73.54 2.569 
73.69 2.575 
73.74 2.577 
73.89 2.583 
73.94 2.585 
74.00 2.588 
74.14 2.594 
74.18 2.596 
74.40 2.606 
74.60 2.615 
74.80 2.624 
74.98 2.632 
75.20 2.642 
75.40 2.651 
75.50 2.655 
75.68 2.663 
75.90 2.673 
76.10 2.682 
76.26 2.689 
76.48 2.699 
76.70 2.709 
CaC03 
(wt.%) 
0.20 
0.00 
0.10 
0.00 
0.42 
0.00 
0.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
23.60 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.24 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.79 
0.34 
0.00 
0.00 
0.00 
0.15 
0.00 
Sample 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 B 
985 A 
985 B 
985 A 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 B 
985 A 
985 B 
985 B 
985 A 
985 B 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
985 A 
1 985 A 
8 H 
8 H 
8 H 
8 H 
8 H 
8 H 
9 H 
8 H 
9 H 
8 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
9 H 
10 H 
5 
6 
6 
6 
6 
6 
2 
6 
2 
6 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
5 
2 
4 
5 
2 
5 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
6 
1 
depth 
(mcd) 
149 
9 
27 
49 
71 
89 
129 
107 
149 
129 
9 
29 
49 
69 
89 
109 
109 
129 
149 
9 
29 
49 
69 
89 
109 
129 
9 
69 
149 
29 
88 
49 
107 
128 
149 
8 
28 
48 
69 
88 
106 
128 
149 
9 
28 
48 
68 
87 
107 
128 
130 
98 
144 
4 
76.90 
77.00 
77.18 
77.40 
77.62 
77.80 
77.95 
77.98 
78.15 
78.20 
78.25 
78.45 
78.65 
78.85 
79.05 
79.25 
79.45 
79.65 
79.75 
79.95 
80.15 
80.35 
80.55 
80.75 
80.95 
81.15 
81.25 
81.31 
81.35 
81.45 
81.50 
81.65 
81.69 
81.90 
82.11 
82.20 
82.40 
82.60 
82.81 
83.00 
83.18 
83.40 
83.61 
83.71 
83.90 
84.10 
84.30 
84.49 
84.69 
84.90 
84.92 
86.10 
88.08 
89.28 
Age 
(Ma) 
2.718 
2.722 
2.731 
2.740 
2.750 
2.758 
2.765 
2.766 
2.774 
2.776 
2.779 
2.788 
2.797 
2.806 
2.815 
2.824 
2.833 
2.842 
2.846 
2.855 
2.864 
2.873 
2.882 
2.891 
2.900 
2.909 
2.913 
2.916 
2.918 
2.922 
2.925 
2.931 
2.933 
2.943 
2.952 
2.956 
2.965 
2.974 
2.983 
2.992 
3.000 
3.010 
3.019 
3.024 
3.032 
3.041 
3.050 
3.056 
3.062 
3.068 
3.068 
3.102 
3.159 
3.194 
CaC03 
(wt.%) 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
2.52 
0.58 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.22 
0.00 
0.00 
0.90 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.60 
0.00 
0.00 
0.00 
0.04 
0.07 
0.00 
10.18 
31.10 
22.94 
35.20 
6.12 
48.13 
Tab.BAContents of bulk carbonate from ODP Site 987 
Sample 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
1 H 
1 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
2 H 
3 H 
3 H 
3 H 
3 H 
3 H 
1 
1 
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
1 
1 
2 
2 
3 
70 
112 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
depth 
(mcd) 
0.69 
1.11 
1.99 
2.74 
3.49 
4.24 
4.99 
5.74 
6.49 
7.24 
7.99 
8.74 
9.49 
10.24 
11.49 
12.24 
12.99 
13.74 
14.49 
Age 
(Ma) 
0.007 
0.011 
0.020 
0.027 
0.034 
0.042 
0.049 
0.057 
0.064 
0.071 
0.079 
0.086 
0.093 
0.101 
0.113 
0.121 
0.128 
0.135 
0.143 
CaC03 
(wt.%) 
1.35 
4.52 
3.92 
2.54 
4.63 
5.80 
4.80 
0.97 
4.64 
5.28 
4.78 
5.50 
3.64 
1.69 
1.48 
2.44 
4.96 
2.07 
0.90 
Sample 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
3 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
4 H 
5 H 
3 
4 
4 
5 
5 
6 
6 
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
1 
depth 
(mcd) 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
15.24 
15.99 
16.74 
17.49 
18.24 
18.99 
19.74 
20.99 
21.74 
22.49 
23.24 
23.99 
24.74 
25.49 
26.24 
26.99 
27.74 
28.49 
29.24 
30.49 
Age 
(Ma) 
0.150 
0.158 
0.165 
0.172 
0.180 
0.187 
0.194 
0.207 
0.214 
0.222 
0.229 
0.236 
0.244 
0.251 
0.258 
0.266 
0.273 
0.281 
0.288 
0.300 
CaC03 
(wt.%) 
0.73 
3.93 
2.09 
1.49 
1.21 
1.34 
0.24 
0.51 
1.93 
1.65 
1.34 
2.02 
3.11 
2.78 
12.68 
5.97 
3.90 
3.03 
1.92 
1.29 
Sample 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
987 D 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
5 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
6 H 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
1 
1 
2 
2 
3 
3 
4 
4 
5 
depth 
(mcd) 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
145 
70 
31.24 
31.99 
32.74 
33.49 
34.24 
34.99 
35.74 
36.49 
37.24 
37.99 
38.74 
39.99 
40.74 
41.49 
42.24 
42.99 
43.74 
44.49 
45.24 
45.99 
Age 
(Ma) 
0.308 
0.315 
0.322 
0.330 
0.337 
0.345 
0.352 
0.359 
0.367 
0.374 
0.382 
0.394 
0.401 
0.409 
0.416 
0.423 
0.431 
0.438 
0.446 
0.453 
CaC03 
(wt.%) 
3.72 
1.44 
-0.05 
1.56 
0.71 
1.14 
1.74 
0.00 
2.32 
1.87 
12.21 
0.60 
2.70 
3.32 
6.30 
10.38 
3.85 
6.62 
3.69 
2.59 
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Tab. C.l: Census data from ODP Leg 162 Site 985 (125-500um fraction) 
Sample 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 A 1 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 B 2 
982 C 3 
982 C 3 
982 C 3 
982 C 3 
982 C 3 
982 C 3 
982 B 3 
982 C 3 
982 B 3 
982 B 3 
982 B 3 
982 B 3 
982 B 3 
982 B 3 
H 1 
H 1 
H I 
H 1 
H 1 
H 1 
H 1 
H 2 
H 2 
H 2 
H 2 
H 2 
H 2 
H 2 
H 3 
H 3 
H 3 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 4 
H 4 
H 4 
H 4 
H 5 
H 5 
H 5 
H 5 
H 5 
H 5 
H 5 
H 1 
H 2 
H 2 
H 2 
H 2 
H 3 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 4 
H 4 
H 5 
H 5 
H 5 
H 5 
H 6 
H 6 
H 6 
H 2 
H 2 
H 3 
H 3 
H 3 
H 3 
H 1 
H 4 
H 2 
H 2 
H 3 
H 3 
H 3 
H 4 
11 
31 
51 
71 
91 
111 
131 
11 
31 
51 
71 
91 
111 
131 
11 
31 
51 
71 
91 
111 
11 
31 
51 
71 
91 
111 
131 
11 
31 
51 
71 
91 
111 
131 
131 
21 
51 
81 
121 
11 
41 
81 
121 
11 
41 
71 
111 
149 
35 
71 
111 
149 
41 
61 
105 
101 
141 
31 
71 
111 
149 
141 
111 
111 
149 
71 
105 
141 
35 
depth 
(mcd) 
0.1 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.6 
1.8 
2 
2.2 
2.4 
2.6 
2.8 
3.1 
3.3 
3.5 
3.7 
3.9 
4.1 
4.6 
4.8 
5 
5.2 
5.4 
5.6 
5.8 
6.1 
6.3 
6.5 
6.7 
6.9 
7.1 
7.3 
8.12 
8.52 
8.82 
9.12 
9.52 
9.92 
10.22 
10.62 
11.02 
11.42 
11.72 
12.02 
12.42 
12.8 
13.16 
13.52 
13.92 
14.3 
14.72 
14.92 
15.36 
15.78 
16.18 
16.56 
16.96 
17.36 
17.74 
18.56 
18.86 
19.76 
20.14 
20.86 
21.2 
21.56 
22 
Age (Ma) 
0.003 
0.009 
0.015 
0.021 
0.027 
0.033 
0.042 
0.058 
0.071 
0.084 
0.104 
0.116 
0.128 
0.142 
0.163 
0.177 
0.191 
0.202 
0.210 
0.218 
0.244 
0.254 
0.264 
0.275 
0.286 
0.298 
0.309 
0.324 
0.334 
0.341 
0.348 
0.355 
0.362 
0.369 
0.398 
0.404 
0.408 
0.413 
0.420 
0.427 
0.432 
0.440 
0.449 
0.458 
0.464 
0.478 
0.498 
0.516 
0.529 
0.542 
0.557 
0.571 
0.585 
0.592 
0.608 
0.626 
0.641 
0.661 
0.682 
0.693 
0.708 
0.724 
0.744 
0.782 
0.794 
0.809 
0.814 
0.820 
0.826 
Plankt. 
Forams 
tot. (Ind/g) 
15964 
24510 
10408 
9689 
17522 
9757 
22343 
12946 
20095 
20159 
44653 
22717 
6869 
16387 
13342 
8190 
26814 
25912 
24694 
36812 
19433 
19119 
17680 
28931 
21470 
20398 
21572 
19526 
2425 
36914 
19374 
6723 
22710 
46187 
20154 
21605 
14156 
12524 
23932 
8288 
5551 
14819 
35865 
12876 
7347 
27984 
18713 
19092 
11697 
15247 
16469 
33207 
22606 
27403 
35610 
33096 
40631 
29842 
18267 
22072 
28475 
21349 
49164 
8037 
7091 
18159 
21245 
28080 
15377 
NPsin. 
(Ind/g) 
222 
957 
1225 
3633 
14672 
4879 
8702 
4855 
9826 
7237 
17795 
2631 
302 
709 
6967 
3528 
11996 
14821 
4994 
17323 
1629 
8506 
9120 
20455 
5330 
4959 
2907 
2982 
197 
8179 
2638 
4059 
11721 
12242 
2960 
2018 
1107 
734 
1459 
683 
2580 
10415 
26292 
3367 
2166 
8045 
2766 
4474 
1462 
1181 
4139 
12095 
6344 
7595 
3766 
5470 
19266 
26341 
7307 
14028 
14049 
7348 
28641 
1786 
2295 
9982 
7064 
15440 
6863 
subpolar 
(Ind/g) 
15742 
23553 
9184 
6056 
2850 
4879 
13641 
8091 
10269 
12923 
26858 
20086 
6567 
15678 
6374 
4662 
14818 
11091 
19700 
19489 
17804 
10613 
8560 
8475 
16140 
15439 
18665 
16545 
2227 
28735 
16735 
2664 
10989 
33944 
17193 
19587 
13049 
11790 
22473 
7604 
2970 
4404 
9573 
9509 
5181 
19938 
15946 
14618 
10235 
14066 
12329 
21112 
16262 
19809 
31843 
27626 
21364 
3502 
10960 
8044 
14426 
14001 
20523 
6251 
4796 
8177 
14181 
12640 
8514 
Benth. 
Forams 
(Ind/g) 
443 
287 
153 
606 
211 
583 
1058 
324 
443 
775 
989 
614 
0 
284 
371 
220 
635 
393 
486 
677 
349 
234 
320 
244 
525 
0 
382 
175 
0 
221 
151 
299 
523 
1113 
171 
150 
0 
49 
195 
119 
510 
140 
539 
45 
88 
612 
380 
1008 
475 
770 
668 
2089 
357 
1253 
0 
137 
763 
457 
426 
490 
283 
894 
1072 
406 
145 
159 
419 
160 
87 
IRD 
(grains/g) 
148 
0 
459 
3734 
4011 
17622 
2234 
2007 
2069 
689 
2472 
877 
151 
355 
2298 
1984 
1694 
1865 
624 
2842 
465 
4292 
6880 
11409 
751 
1123 
994 
585 
99 
2321 
3015 
3411 
1884 
2115 
740 
150 
58 
49 
97 
59 
4471 
4823 
3371 
227 
59 
175 
54 
441 
110 
0 
312 
1869 
2144 
157 
342 
684 
7249 
2741 
1461 
1864 
754 
3376 
1072 
365 
765 
372 
262 
320 
0 
subpolar 
Forams 
(%) 
98.6 
96.1 
88.2 
62.5 
16.3 
50.0 
61.1 
62.5 
51.1 
64.1 
60.1 
88.4 
95.6 
95.7 
47.8 
56.9 
55.3 
42.8 
79.8 
52.9 
91.6 
55.5 
48.4 
29.3 
75.2 
75.7 
86.5 
84.7 
91.9 
77.8 
86.4 
39.6 
48.4 
73.5 
85.3 
90.7 
92.2 
94.1 
93.9 
91.8 
53.5 
29.7 
26.7 
73.9 
70.5 
71.3 
85.2 
76.6 
87.5 
92.3 
74.9 
63.6 
71.9 
72.3 
89.4 
83.5 
52.6 
11.7 
60.0 
36.4 
50.7 
65.6 
41.7 
77.8 
67.6 
45.0 
66.7 
45.0 
55.4 
12 
Sample 
982 B 3 
982 B 3 
982 B 3 
982 B 3 
982 B 3 
982 D 1 
982 D 1 
982 D 1 
982 D I 
982 D 1 
982 D 1 
982 D 1 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 B 4 
982 C 5 
982 C 5 
982 C 5 
982 C 5 
982 C 5 
982 C 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 B 5 
982 C 6 
982 C 6 
982 C 6 
982 C 6 
982 B 6 
982 C 6 
982 B 6 
982 B 6 
982 B 6 
982 B 6 
H 4 
H 4 
H 4 
H 5 
H 5 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 4 
H 1 
H 1 
H 1 
H 1 
H 2 
H 2 
H 2 
H 2 
H 3 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 4 
H 4 
H 5 
H 5 
H 5 
H 6 
H 6 
H 1 
H 1 
H 1 
H 2 
H 2 
H 2 
H 1 
H 1 
H 2 
H 2 
H 2 
H 2 
H 2 
H 3 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 4 
H 5 
H 5 
H 5 
H 5 
H 6 
H 6 
H 6 
H 1 
H 1 
H 1 
H 2 
H 2 
H 3 
H 2 
H 2 
H 2 
H 3 
71 
111 
149 
81 
105 
51 
91 
131 
21 
61 
101 
141 
41 
71 
105 
135 
31 
71 
111 
149 
21 
55 
85 
121 
11 
55 
91 
115 
149 
41 
85 
121 
11 
55 
41 
81 
121 
A\ 
51 
149 
91 
131 
3 
41 
71 
91 
121 
11 
55 
91 
121 
11 
51 
91 
135 
21 
61 
101 
141 
31 
71 
101 
71 
111 
149 
81 
121 
11 
11 
35 
91 
11 
depth 
(mod) 
22.36 
22.76 
23.14 
23.96 
24.2 
25.36 
25.76 
26.16 
26.56 
26.96 
27.36 
27.76 
27.98 
28.28 
28.62 
28.92 
29.4 
29.8 
30.18 
30.56 
30.78 
31.12 
31.42 
31.78 
32.18 
32.62 
32.98 
33.22 
33.56 
33.98 
34.42 
34.78 
35.18 
35.62 
35.96 
36.36 
36.76 
37.16 
37.56 
38.54 
38.98 
39.4 
39.7 
40.08 
40.28 
40.5 
40.78 
41.18 
41.62 
41.98 
42.28 
42.7 
43.08 
43.48 
43.92 
44.28 
44.68 
45.1 
45.48 
45.9 
46.28 
46.58 
47.08 
47.48 
47.9 
48.7 
49.08 
49.48 
50.61 
50.85 
51.41 
52.11 
Age (Ma) 
0.831 
0.837 
0.842 
0.864 
0.886 
0.946 
0.969 
0.988 
0.995 
1.002 
1.009 
1.032 
1.043 
1.064 
1.071 
1.082 
1.108 
1.130 
1.160 
1.176 
1.186 
1.206 
1.223 
1.244 
1.270 
1.299 
1.324 
1.340 
1.362 
1.375 
1.397 
1.434 
1.458 
1.489 
1.514 
1.542 
1.567 
1.592 
1.616 
1.658 
1.683 
1.710 
1.734 
1.764 
1.772 
1.780 
1.788 
1.812 
1.844 
1.861 
1.868 
1.904 
1.934 
1.966 
1.994 
2.023 
2.042 
2.060 
2.076 
2.101 
2.117 
2.132 
2.159 
2.181 
2.204 
2.238 
2.256 
2.274 
2.315 
2.323 
2.343 
2.364 
Plankt. 
Forams 
tot. (Ind/g) 
10975 
9118 
44632 
49919 
39379 
27123 
11420 
30913 
38268 
26139 
29508 
55402 
22924 
32259 
64572 
47542 
29390 
16545 
22272 
15785 
16168 
29412 
40834 
38224 
25636 
38524 
30497 
31310 
38595 
21127 
37657 
17093 
40294 
42610 
22921 
24176 
25013 
34100 
50771 
5703 
46717 
38548 
32683 
48267 
10004 
27481 
44886 
37196 
36578 
49788 
41057 
54572 
36994 
12924 
31986 
47510 
30850 
26530 
18436 
10875 
16406 
23209 
14593 
24588 
3350 
23990 
32312 
7444 
25754 
17162 
18295 
36633 
N P sin. 
(Ind/g) 
4014 
6254 
27736 
22660 
9478 
14191 
6809 
17665 
24262 
16195 
18814 
44903 
16102 
18775 
33776 
30591 
840 
609 
1033 
222 
484 
2962 
22946 
5422 
12469 
18528 
14263 
12203 
15464 
10240 
22475 
10098 
18879 
15530 
9907 
13100 
13940 
16080 
30197 
3530 
18731 
23047 
16507 
20141 
4671 
3637 
570 
939 
766 
161 
784 
315 
848 
327 
620 
1250 
812 
194 
365 
1269 
4182 
225 
231 
369 
41 
631 
152 
150 
85 
53 
216 
224 
subpolar 
(Ind/g) 
6961 
2864 
16896 
27258 
29901 
12932 
4611 
13248 
14005 
9944 
10694 
10499 
6821 
13485 
30796 
16951 
28550 
15936 
21239 
15563 
15684 
26450 
17888 
32802 
13167 
19996 
16234 
19107 
23130 
10887 
15181 
6994 
21415 
27080 
13014 
11076 
11073 
18019 
20574 
2172 
27986 
15502 
16177 
28125 
5332 
23844 
44316 
36257 
35812 
49627 
40273 
54257 
36146 
12597 
31366 
46260 
30038 
26335 
18071 
9607 
12224 
22984 
14362 
24219 
3309 
23359 
32159 
7293 
25669 
17108 
18079 
36409 
Benth. 
Forams 
(Ind/g) 
128 
382 
0 
164 
451 
229 
107 
1162 
197 
1515 
563 
808 
503 
1037 
662 
397 
1559 
812 
689 
667 
775 
952 
1357 
949 
100 
791 
1595 
1686 
793 
824 
254 
41 
564 
1262 
111 
746 
692 
456 
1161 
91 
220 
1235 
330 
181 
617 
808 
427 
564 
192 
1450 
784 
315 
318 
368 
620 
500 
677 
777 
669 
145 
483 
789 
634 
246 
103 
1010 
381 
150 
169 
478 
54 
672 
IRD 
(grains/g) 
854 
2196 
1116 
985 
339 
1144 
1930 
2324 
0 
95 
1286 
1454 
1845 
3008 
497 
2251 
1320 
711 
918 
1630 
2711 
212 
1110 
542 
499 
1243 
0 
0 
132 
2413 
339 
621 
282 
582 
874 
1065 
2175 
1026 
332 
9716 
4297 
1235 
578 
544 
529 
4984 
142 
0 
0 
322 
1880 
315 
106 
1718 
1116 
500 
677 
389 
487 
2973 
1019 
1014 
346 
492 
4829 
631 
914 
414 
0 
1381 
108 
896 
subpolar 
Forams 
(%) 
63.4 
31.4 
37.9 
54.6 
75.9 
47.7 
40.4 
42.9 
36.6 
38.0 
36.2 
19.0 
29.8 
41.8 
47.7 
35.7 
97.1 
96.3 
95.4 
98.6 
97.0 
89.9 
43.8 
85.8 
51.4 
51.9 
53.2 
61.0 
59.9 
51.5 
40.3 
40.9 
53.1 
63.6 
56.8 
45.8 
44.3 
52.8 
40.5 
38.1 
59.9 
40.2 
49.5 
58.3 
53.3 
86.8 
98.7 
97.5 
97.9 
99.7 
98.1 
99.4 
97.7 
97.5 
98.1 
97.4 
97.4 
99.3 
98.0 
88.3 
74.5 
99.0 
98.4 
98.5 
98.8 
97.4 
99.5 
98.0 
99.7 
99.7 
98.8 
99.4 
13 
Sample 
982 B 6 
982 B 6 
982 C 6 
982 B 6 
982 B 6 
982 B 6 
982 A 6 
982 A 6 
982 A 6 
982 B 7 
982 B 7 
H 3 
H 4 
H 4 
H 5 
H 5 
H 6 
H 4 
H 4 
H 5 
H 2 
H 2 
111 
41 
121 
71 
149 
91 
71 
141 
81 
71 
149 
depth 
(mod) 
53.11 
53.91 
54.71 
55.71 
56.49 
57.41 
57.93 
58.63 
59.53 
60.97 
61.75 
Age (Ma) 
2.404 
2.438 
2.488 
2.513 
2.536 
2.582 
2.641 
2.676 
2.709 
2.762 
2.791 
Plankt. 
Forams 
tot. (Ind/g) 
13778 
10253 
13273 
11363 
12038 
4305 
8757 
5944 
2235 
4177 
3450 
N P sin. 
(Ind/g) 
129 
343 
785 
247 
785 
80 
154 
54 
99 
33 
0 
subpolar 
(Ind/g) 
13649 
9910 
12489 
11116 
11253 
4226 
8603 
5891 
2136 
4144 
3450 
Benth. 
Forams 
(Ind/g) 
386 
572 
785 
412 
916 
319 
845 
696 
695 
214 
308 
IRD 
(grains/g) 
644 
152 
5165 
0 
0 
1515 
154 
0 
3378 
0 
62 
subpolar 
Forams 
(%) 
99.1 
96.7 
94.1 
97.8 
93.5 
98.1 
98.2 
99.1 
95.6 
99.2 
100.0 
Tab. C.l: Census data from ODP Leg 162 Site 985 (125-500|4m fraction) 
sample 
985 B 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 A 1 
985 B 2 
985 B 2 
985 B 2 
985 B 2 
985 A 2 
985 A 2 
985 A 2 
985 B 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
985 A 2 
H 1 
H 1 
H 1 
H 1 
H 1 
H 2 
H 2 
H 2 
H 2 
H 2 
H 2 
H 2 
H 3 
H 3 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 4 
H 4 
H 4 
H 5 
H 5 
H 5 
H 5 
H 2 
H 2 
H 3 
H 3 
H 1 
H 1 
H 1 
H 4 
H 2 
H 2 
H 2 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 4 
H 5 
H 5 
H 5 
H 6 
H 6 
H 6 
9 
20 
70 
120 
129 
9 
20 
47 
70 
86 
120 
149 
17 
49 
70 
107 
120 
20 
86 
72 
107 
120 
149 
20 
49 
70 
120 
129 
149 
29 
49 
20 
70 
120 
69 
20 
70 
120 
20 
70 
120 
20 
49 
70 
120 
20 
70 
120 
20 
70 
120 
depth 
(mcd) 
0.09 
0.42 
0.92 
1.42 
1.51 
1.81 
1.92 
2.19 
2.42 
2.58 
2.92 
2.99 
3.39 
3.72 
3.92 
4.29 
4.42 
4.92 
5.44 
5.58 
5.79 
5.92 
6.21 
6.42 
6.71 
6.92 
7.42 
8.03 
8.23 
8.53 
8.73 
9.07 
9.57 
10.07 
10.43 
10.57 
11.07 
11.57 
12.07 
12.57 
13.07 
13.57 
13.86 
14.07 
14.57 
15.07 
15.57 
16.07 
16.57 
17.07 
17.57 
Age (Ma) 
0.005 
0.016 
0.033 
0.049 
0.052 
0.064 
0.069 
0.083 
0.094 
0.102 
0.119 
0.123 
0.148 
0.169 
0.182 
0.205 
0.213 
0.234 
0.265 
0.273 
0.287 
0.295 
0.313 
0.324 
0.337 
0.346 
0.367 
0.387 
0.394 
0.401 
0.404 
0.410 
0.418 
0.427 
0.433 
0.435 
0.443 
0.455 
0.469 
0.483 
0.517 
0.549 
0.557 
0.561 
0.572 
0.582 
0.592 
0.594 
0.596 
0.598 
0.600 
Plankt. 
Forams 
tot.(InaVg) 
38825 
17098 
4060 
15589 
2366 
7639 
57839 
35069 
90 
2532 
232 
82 
4965 
9285 
6517 
20825 
20565 
5989 
8583 
10323 
16725 
1298 
4316 
0 
7310 
12631 
17657 
0 
337 
11 
24 
12 
88 
2128 
0 
6176 
7574 
9483 
0 
6882 
8589 
4402 
21618 
180 
3562 
717 
25 
2231 
2123 
0 
0 
NPsin 
(Ind/g) 
20486 
14586 
3628 
13836 
2191 
6969 
35616 
23380 
90 
1958 
185 
27 
4409 
8187 
6058 
15494 
19631 
5459 
7990 
7917 
16511 
1258 
3211 
0 
6887 
11302 
17374 
0 
337 
11 
24 
12 
82 
2044 
0 
5691 
6977 
8339 
0 
6463 
8001 
3819 
19972 
165 
3414 
717 
25 
2219 
1996 
0 
0 
subpolar 
Forams (%) 
18339 
2512 
432 
1753 
175 
669 
22223 
11690 
0 
573 
46 
54 
556 
1098 
459 
5331 
935 
531 
593 
2406 
214 
41 
1105 
0 
423 
1330 
284 
0 
0 
0 
0 
0 
5 
84 
0 
485 
597 
1145 
0 
419 
588 
583 
1646 
15 
148 
0 
0 
12 
127 
0 
0 
Benth. 
Forams 
(Ind/g) 
743 
81 
43 
188 
39 
158 
294 
1118 
0 
48 
0 
0 
41 
63 
0 
0 
104 
0 
0 
183 
178 
61 
0 
0 
118 
213 
0 
0 
0 
0 
0 
0 
5 
28 
0 
58 
85 
0 
0 
70 
24 
86 
55 
0 
74 
0 
13 
23 
0 
0 
0 
IRD 
(grains/g) 
0 
9481 
3369 
7513 
487 
1240 
147 
102 
30266 
14903 
11162 
13759 
2266 
502 
490 
5748 
5193 
1592 
1287 
5664 
820 
6755 
6457 
4908 
2421 
53 
0 
25848 
30711 
6225 
6172 
9503 
5286 
4858 
4709 
582 
844 
654 
1727 
1991 
188 
3237 
219 
5014 
20409 
5123 
5467 
790 
6284 
31616 
3962 
subpolar 
Forams 
(%) 
47.2 
14.7 
10.6 
11.2 
7.4 
8.8 
38.4 
33.3 
0.0 
22.6 
20.0 
66.7 
11.2 
11.8 
7.0 
25.6 
4.5 
8.9 
6.9 
23.3 
1.3 
3.1 
25.6 
5.8 
10.5 
1.6 
0.0 
0.0 
0.0 
0.0 
5.9 
3.9 
7.8 
7.9 
12.1 
6.1 
6.8 
13.2 
7.6 
8.3 
4.2 
0.0 
0.0 
0.5 
6.0 
14 
sample 
985 A 2 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 A 3 
985 B 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 4 
985 A 5 
985 A 5 
985 A 5 
985 A 5 
985 A 5 
985 A 5 
985 A 5 
985 B 6 
985 B 6 
985 B 6 
985 A 6 
985 A 6 
985 A 6 
985 A 6 
985 A 6 
985 A 6 
985 A 6 
985 B 7 
985 A 7 
985 A 7 
985 A 7 
985 A 7 
985 A 7 
985 B 8 
985 B 8 
985 A 8 
H 7 
H 1 
H 1 
H 1 
H 2 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 4 
H 5 
H 5 
H 5 
H 5 
H 5 
H 6 
H 6 
H 6 
H 6 
H 6 
H 6 
H 7 
H 3 
H 1 
H 1 
H 1 
H 1 
H 1 
H 2 
H 2 
H 2 
H 2 
H 3 
H 3 
H 3 
H 4 
H 4 
H 4 
H 5 
H 5 
H 6 
H 6 
H 6 
H 7 
H 3 
H 1 
H 2 
H 3 
H 4 
H 5 
H 5 
H 2 
H 3 
H 3 
H 2 
H 3 
H 4 
H 5 
H 5 
H 5 
H 6 
H 2 
H 2 
H 3 
H 4 
H 5 
H 6 
H 5 
H 6 
H 5 
20 
20 
70 
120 
120 
20 
70 
120 
20 
70 
107 
120 
20 
49 
89 
120 
149 
20 
49 
70 
89 
120 
149 
20 
29 
20 
70 
89 
120 
149 
20 
70 
120 
149 
20 
70 
120 
20 
70 
127 
20 
70 
20 
70 
120 
20 
49 
89 
129 
149 
89 
69 
149 
49 
29 
129 
68 
89 
69 
27 
51 
107 
49 
88 
129 
69 
27 
89 
149 
9 
29 
9 
depth 
(mcd) 
18.07 
18.57 
19.07 
19.57 
21.07 
21.57 
22.07 
22.57 
23.07 
23.57 
23.94 
24.07 
24.57 
24.86 
25.26 
25.57 
25.86 
26.07 
26.36 
26.57 
26.76 
27.07 
27.36 
27.57 
27.85 
28.27 
28.77 
28.96 
29.27 
29.56 
29.77 
30.27 
30.77 
31.06 
31.27 
31.77 
32.27 
32.77 
33.27 
33.84 
34.27 
34.77 
35.77 
36.27 
36.77 
37.27 
38.77 
40.67 
41.37 
42.37 
43.27 
44.57 
45.37 
46.80 
48.1 
49.1 
50.35 
52.06 
53.36 
54.44 
54.68 
55.24 
56.16 
61.5 
61.9 
62.8 
63.88 
66 
68.1 
70.54 
72.04 
75.5 
Age (Ma) 
0.602 
0.604 
0.608 
0.614 
0.616 
0.618 
0.620 
0.622 
0.624 
0.626 
0.635 
0.670 
0.690 
0.718 
0.739 
0.759 
0.774 
0.791 
0.803 
0.814 
0.832 
0.848 
0.860 
0.876 
0.900 
0.981 
0.996 
1.007 
1.018 
1.026 
1.044 
1.063 
1.073 
1.081 
1.100 
1.119 
1.137 
1.156 
1.177 
1.193 
1.212 
1.249 
1.268 
1.287 
1.306 
1.362 
1.433 
1.459 
1.496 
1.530 
1.579 
1.608 
1.662 
1.711 
1.748 
1.787 
1.833 
1.867 
1.896 
1.902 
1.917 
1.941 
2.132 
2.147 
2.179 
2.218 
2.296 
2.372 
2.460 
2.515 
2.655 
2.699 
Plankt. 
Forams 
tot.(Ind/g) 
19 
8 
0 
9 
0 
0 
872 
0 
0 
1 
0 
4458 
2840 
2984 
4006 
12882 
792 
21337 
541 
297 
62 
19 
8 
23 
9318 
20 
6 
0 
3 
5 
0 
870 
29099 
4 
4 
18 
26 
0 
5 
8 
0 
0 
8 
0 
4 
15 
23 
26 
0 
11 
0 
0 
2 
0 
0 
1 
0 
3 
0 
3 
0 
10 
3 
0 
0 
3 
3 
0 
0 
1 
0 
NPsin 
(Ind/g) 
19 
8 
0 
9 
0 
0 
818 
0 
0 
1 
0 
4213 
2697 
2893 
3741 
12277 
775 
20186 
531 
297 
62 
19 
8 
23 
9103 
20 
6 
0 
3 
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sample 
9 8 2 B 3 H 1 141 
9 8 2 C 3 H 4 HI 
9 8 2 B 3 H 2 41 
9 8 2 B 3 H 2 71 
982 B 3 H 2 111 
9 8 2 B 3 H 2 149 
9 8 2 B 3 H 3 45 
9 8 2 B 3 H 3 71 
9 8 2 B 3 H 3 105 
9 8 2 B 3 H 3 141 
9 8 2 B 3 H 4 35 
9 8 2 B 3 H 4 71 
9 8 2 B 3 H 4 111 
9 8 2 B 3 H 4 149 
9 8 2 B 3 H 5 41 
9 8 2 B 3 H 5 81 
9 8 2 B 3 H 5 105 
9 8 2 B 3 H 5 141 
982 Dl H2 141 
982 Dl H3 31 
982 D l H3 51 
982 D l H3 91 
9 8 2 D 1 H 3 131 
982 D l H4 21 
982 D l H4 61 
982 D l H4 101 
9 8 2 D 1 H 4 141 
982 B 4 H 1 41 
9 8 2 B 4 H 1 71 
9 8 2 B 4 H 1 105 
9 8 2 B 4 H 1 135 
9 8 2 B 4 H 1 149 
9 8 2 B 4 H 2 31 
9 8 2 B 4 H 2 71 
982 B 4 H 2 111 
9 8 2 B 4 H 2 149 
9 8 2 B 4 H 3 21 
982 B 4 H 3 55 
9 8 2 B 4 H 3 85 
9 8 2 B 4 H 3 121 
9 8 2 B 4 H 4 11 
9 8 2 B 4 H 4 55 
9 8 2 B 4 H 4 91 
9 8 2 B 4 H 4 115 
9 8 2 B 4 H 4 149 
9 8 2 B 4 H 5 41 
9 8 2 B 4 H 5 85 
9 8 2 B 4 H 5 121 
9 8 2 B 4 H 6 11 
9 8 2 B 4 H 6 55 
982 C 5 H 1 41 
9 8 2 C 5 H 1 81 
9 8 2 C 5 H 1 121 
9 8 2 C 5 H 2 11 
9 8 2 C 5 H 2 51 
9 8 2 C 5 H 2 91 
9 8 2 C 5 H 2 131 
9 8 2 C 5 H 2 149 
9 8 2 C 5 H 3 21 
9 8 2 B 5 H 1 91 
982 B 5 HI 131 
9 8 2 B 5 H 2 3 
9 8 2 B 5 H 2 41 
9 8 2 B 5 H 2 71 
9 8 2 B 5 H 2 91 
9 8 2 B 5 H 2 121 
9 8 2 B 5 H 3 11 
9 8 2 B 5 H 3 55 
9 8 2 B 5 H 3 91 
9 8 2 B 5 H 3 121 
982 B5 H4 11 
9 8 2 B 5 H 4 51 
depth 
(mcd) 
18.56 
18.86 
19.06 
19.36 
19.76 
20.14 
20.6 
20.86 
21.2 
21.56 
22 
22.36 
22.76 
23.14 
23.56 
23.96 
24.2 
24.56 
24.76 
25.16 
25.36 
25.76 
26.16 
26.56 
26.96 
27.36 
27.76 
27.98 
28.28 
28.62 
28.92 
29.06 
29.38 
29.78 
30.18 
30.56 
30.78 
31.12 
31.42 
31.78 
32.18 
32.62 
32.98 
33.22 
33.56 
33.98 
34.42 
34.78 
35.18 
35.62 
35.96 
36.36 
36.76 
37.16 
37.56 
37.96 
38.36 
38.54 
38.76 
38.98 
39.38 
39.70 
39.98 
40.28 
40.48 
40.78 
41.18 
41.62 
41.98 
42.28 
42.68 
43.08 
<63|jm (wt.%) 
80.9 
61.4 
68.3 
86.4 
86.8 
91.0 
67.0 
85.9 
88.1 
78.9 
87.2 
87.7 
81.6 
57.5 
86.3 
57.6 
79.7 
76.1 
76.7 
68.5 
84.1 
83.3 
73.8 
75.4 
81.9 
80.9 
61.3 
81.2 
79.4 
57.2 
69.6 
67.6 
75.3 
84.3 
74.3 
83.5 
85.3 
77.2 
73.5 
78.2 
81.1 
80.7 
82.6 
83.5 
83.2 
79.3 
77.8 
91.2 
79.2 
72.6 
84.1 
77.9 
82.0 
76.6 
73.0 
62.0 
84.7 
82.1 
81.4 
77.8 
77.6 
78.2 
69.8 
77.9 
83.5 
70.8 
75.5 
78.1 
75.0 
72.2 
76.6 
76.6 
63-125|im 
(wt. %) 
7.9 
10.9 
9.1 
6.2 
3.2 
3.3 
7.4 
5.6 
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9.1 
5.9 
4.8 
8.7 
10.5 
3.7 
14.3 
6.7 
6.7 
7.4 
10.6 
5.6 
6.6 
9.0 
6.8 
4.8 
7.6 
12.6 
8.0 
7.7 
14.8 
11.7 
12.7 
8.7 
5.2 
10.4 
6.4 
6.8 
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9.1 
6.6 
6.7 
6.7 
5.2 
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4.8 
8.4 
7.8 
2.5 
7.2 
11.5 
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9.2 
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12.0 
11.2 
5.5 
7.8 
9.6 
9.5 
7.2 
9.1 
9.5 
8.6 
8.1 
13.4 
7.5 
9.3 
10.2 
11.8 
12.3 
9.3 
125-500pm 
(wt. %) 
3.0 
7.1 
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1.3 
1.4 
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1.4 
1.6 
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